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    ABSTRACT 
The Foster River area, northern Saskatchewan, is one of several Pb-Zn and Zn 
deposits (e.g. George Lake: 7.8 Mt @ 3.9% Zn and 0.5% Pb) along the SE margin of the 
highly deformed and metamorphosed Wollaston domain, Hearne Craton.  Zinc-lead sulfide 
mineralization in the Foster River area is hosted by feldspathic quartzites within a unit of 
psammites and pelites near the middle of the Paleoproterzoic (2.0-1.86 Ga) Wollaston Group.  
These sediments were metamorphosed to the upper amphibolite facies and subjected to at 
least four episodes of deformation during the 1860-1750 Ma Trans-Hudson Orogeny. 
Drilling indicates that the Sito Lake East prospect contains 50,000 t of 4.5% Zn, with one 
intercept containing 11m of 4.2 % Zn and 0.6% Pb.  Boulders from a boulder train near the 
Fable Lake prospect contain up to 13.2% Zn, 4.0% Pb, and 11 g/t Ag. The sulfides are 
spatially associated with a package of rocks similar to that found with Broken Hill-type 
(BHT) deposits (quartzite, gahnite-rich rocks, iron formation, and quartz garnetite). A 
nodular sillimanite rock that occurs in the vicinity of the Sito East, Sito West, and George 
prospects is likely to be part of a stratabound hydrothermal alteration zone.  Hydrothermal 
sulfide mineralization consists of pyrite, sphalerite, pyrrhotite, galena, and chalcopyrite, 
locally spatially associated with graphite.  Gangue minerals include garnet, gahnite, 
magnetite, tourmaline, calcite, and augite. 
Chondrite-normalized REE patterns of silicate-facies iron formation (garnet-
pyroxene-amphibole-magnetite rock) and quartz garnetite show light REE (LREE) 
enrichment and heavy REE (HREE) depletion, with moderate to large negative Eu anomalies 
and no or slightly positive Ce anomalies.  Such patterns are consistent with meta-exhalites 
that have a high detrital component (>30%) in the source rock.  The compositions of garnet 
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(spessartine-almandine) and gahnite at Foster River are similar to those spatially associated 
with BHT deposits.  Sulfur isotope compositions of pyrite, pyrrhotite, and sphalerite from the 
Foster River area range from 26.2-38.1‰ (n=20) and are consistent with sulfur being sourced 
from Paleoproterozoic seawater that was modified by microbial sulfate reduction in a 
restricted basin.  The low Pb/(Pb+Zn) and Ag/(Ag+Pb+Zn) ratios of sulfide mineralization, 
common graphite-sulfide intergrowths, the high sulfur isotope values, and the lack of 
bimodal volcanics in the stratigraphic sequence suggest that the mineralization in the Foster 
River area has a sedimentary-exhalative origin with BHT affinities.
  1 
CHAPTER 1: GENERAL INTRODUCTION 
 
The Foster River area, northern Saskatchewan, Canada (Fig. 1), is one of several 
locations along the southeast margin of the highly deformed and metamorphosed Wollaston 
domain known to contain Pb-Zn and Zn mineralization.  The most notable of these base 
metal showings is the George Lake deposit in the Morell Lake region 200 km NE of Foster 
River, which contains an estimated 8 Mt of ore at 4% Zn and 0.5% Pb (Coombe, 1991).  
Sulfide mineralization in the Foster River area is of particular interest because it is 
Proterozoic (1.92-1.86 Ga) in age and occurs in a package of rocks similar to that spatially 
associated with other Broken Hill-type (BHT) deposits (quartzite, gahnite-rich rocks, iron 
formation, quartz garnetite, and nodular sillimanite rocks).  It was proposed previously that 
all of the Foster River and most of the Morell Lake zinc-lead prospects are metamorphosed 
sandstone-hosted Pb deposits, like the world-class Laisvall deposit in Sweden, but others 
have drawn parallels between these areas and the Broken Hill Pb-Zn-Ag deposit, Australia, 
citing lithological and geochemical similarities between the Canadian and Australia deposits 
(Coombe, 1991; Tisdale et al., 1997; Tuba, 2007).  A three-year exploration program was 
conducted from 1980-82 with the hope of finding significant Broken Hill-type mineralization 
in the Wollaston domain, but the search proved barren (Coombe, 1994).  At least one 
showing in the Morell Lake area (George Lake-northwest) was considered to be sedimentary 
exhalative (SEDEX)-type deposit by Coombe (1994), Delaney and Savage (1998) and Yeo 
and Delaney (2007) because of the nature of the host rock and the sulfides. 
Mineralogical, geochemical, and petrologic investigations of the Foster River 
properties conducted during this study have provided insights into the geologic environment 
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necessary to conclude that the Foster River sulfide mineralization is of the SEDEX type that 
share affinities with BHT deposits.  In this respect, the Foster River mineralization resembles 
the giant Proterozoic Gamsberg Zn deposit, South Africa (Rozendaal, 1986), and the 60 Mt 
Proterozoic Sullivan Pb-Zn deposit, British Columbia (Lydon et al., 2000). 
 
Geology of the Study Area 
The Foster River showings are hosted in a feldspathic quartzite layer that is part of a 
regionally extensive metasedimentary succession known as the Wollaston Group (Tran, 
2001; Tran et al., 2003, 2008; Tran and Yeo, 1997) or theWollaston Supergroup (Yeo and 
Delaney 2007).  Yeo and Delaney (2007) proposed elevating the package to “supergroup” 
status from “group” because it records an entire Wilson cycle (opening and closing of an 
ocean basin).  To be consistent with the majority of works published on the Wollaston 
Domain, including the most recent publication (Tran et al., 2008), this thesis will use the 
name “Wollaston Group” rather than “Wollaston Supergroup.”  The Wollaston Group is 
restricted to the Wollaston domain, one of several long but narrow northeast- to southwest-
trending belts of Archean and Proterozoic lithologies that comprise the Canadian Shield in 
northern Saskatchewan and Manitoba.  The Archean units in the Wollaston domain are 
dominantly granitoids, with minor amphibolites, and are unconformably overlain by, and 
interfolded with, the metasedimentary rocks of the Wollaston Group. 
New U-Pb data from detrital zircons throughout the Wollaston Group confirm the 
previously inferred Paleoproterozoic depositional age of the sequence (2.07 Ga-1.86 Ga; 
Tran et al. 2008), which also indirectly constrains the age of the sulfide emplacement at both 
Foster River and Morell Lake. A Pb-Pb study on galena from the George Lake deposit 
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defined a two-stage model, whereby lead was derived from Neoarchean source rocks and 
emplaced ca. 2.04 Ga in the lower Wollaston Group (Cumming et al., 1970). This age is 
assumed to be the age of the deposit (Bjørlykke and Sangster, 1981; Coombe, 1994). Since 
sulfide mineralization in the Foster River area occurs stratigraphically above George Lake 
and the other deposits in the Morell Lake area, it must be younger than 2.04 Ga but older 
than 1.86 Ga (the onset of the Trans-Hudson Orogeny). Furthermore, Tran et al. (2008) 
defined populations of zircons within different units of the Wollaston Group, and the sample 
stratigraphically equivalent to the Foster River deposits contained a large number of zircons 
with an age range of 1.92-1.88 Ga. Tran et al. explained the presence of these zircons by 
noting the significant detrital input from continental and oceanic arcs that migrated toward 
the margin of the Hearne craton during the same 40 Ma period. This suggested to them a 
genetic link between the Wollaston Group metasediments in the eastern Wollaston domain, 
and the 1.91-1.88 Ga rhyolitic volcanics and 1.92-1.89 Ga tonalitic intrusives preserved in 
the Rottenstone and La Ronge domains, which lie to the east of the Wollaston domain. It also 
places tighter constraints on the age of the Foster River deposits (i.e., between 1.92 and 1.88 
Ga). 
At least three ductile deformation events and one brittle deformation event were 
recognized in the Foster River area (Coombe, 1994; Anderson, 2006; Yeo and Delaney, 
2007; Lewis, 2008). The first deformation event (D1) is marked by rare, rootless isoclinal F1 
folds; sillimanite (fibrolite faserkeisel), cordierite, diopside, graphite, and hornblende define 
the plane of foliation (S1). The second deformation event (D2) produced the dominant 
structural features at Foster River, which are NE-plunging isoclinal F2 folds accompanied by 
a penetrative S2 schistosity defined by flattened and rotated S1 fibrolite faserkeisel. The third 
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deformation D3 is identified by open to closed, steeply plunging and upright meso-
macroscopic F3 folds. These folds, some of which are doubly plunging, overprint the earlier 
F1 and F2 folds in places (e.g., Sito East and Sito West), causing coaxial and/or mushroom-
shaped fold interference patterns. A conjugate set of post-D3 faults are also present in the 
Foster River area; however, no displacement has been observed along these structures 
(Coombe, 1994). 
On a regional scale, the eastern boundary of the Wollaston domain contains pelitic 
rocks that were metamorphosed to the lower amphibolite facies (i.e., they contain muscovite, 
biotite, andalusite), but this changes to the upper amphibolite facies within a few kilometers. 
Assemblages in pelitic rocks of the Wollaston Group further west, near the Mudjatik domain, 
reach the lower granulite facies (Tran, 2001). Metamorphic assemblages at Foster River 
suggest that the area reached the upper amphibolite-lower granulite facies.  
 
Research Objectives 
The main goals of this project are to evaluate the origin and geochemistry of 
metamorphosed base metal mineralization and spatially associated marker units in the Foster 
River area, and whether or not sulfide mineralization in the Foster River area is a Broken 
Hill-type ore system. An attempt to address these goals was based on field, geochemical, 
petrologic and mineralogical studies. The geochemical component of this study involved 
whole rock (major, minor, trace, and REE) compositions of lithologies proximal and distal to 
the sulfide mineralization. These data are necessary for comparison with known BHT 
deposits, as well as with other metamorphosed massive sulfide deposits that share geological 
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and geochemical characteristics with Foster River. Petrographic studies of 80 polished-thin 
sections from five showings were conducted to complement the geochemical data and to 
confirm the nature of mineralogical relations in and around the sulfide occurrences. 
Compositions of individual minerals were obtained from the polished thin sections by 




This thesis is divided into two chapters, each with its own reference section and 
data appendices. The first is a general introduction to Broken Hill-type metamorphosed 
massive sulfide deposits and to the geology of the Foster River area. The second chapter 
focuses solely on the properties owned by Wildcat Exploration, Ltd., in the vicinity of the 
Foster River, northern Saskatchewan, Canada. This chapter will be submitted to the journal 
Economic Geology and authored by (in order): Jeffrey A. Steadman and Paul G. Spry. 
Results of the study were presented at the joint American Geophysical Union (AGU)-
Geological Association of Canada (GAC)-Mineralogical Association of Canada (MAC) 
meeting in Toronto, Canada in May, 2009 (Steadman and Spry, 2009). An incomplete but 
complementary study conducted by Paul G. Spry and Graham Teale (Teale and Associates, 
Australia) with my assistance on a reclassification of Broken Hill-type deposits will be 
submitted to Ore Geology Reviews in 2010. The authors for this paper are (in order): Paul G. 
Spry, Graham S. Teale, and Jeffrey A. Steadman. The results of this study were given at the 
AGU-GAC-MAC meeting in Toronto, 2009, and also at the Prospecters and Developers 
Assocation Convention in Toronto in March, 2009, by Paul Spry (Spry et al., 2009a, b). 
 
 
  6 
References 
Anderson, M., 2006, Foster River project, Hewetson Lake district, Saskatchewan (NTS 
74A5, 74A6): Observations on the structural framework, geologic setting, and 
metallogenesis of zinc-lead Mineralization.  Wildcat Exploration, Ltd., Internal 
Report, 37 p. 
Bhattacharya, A., Mohanty, L., Maji, A., Sen, S.K., and Raith, M., 1992, Non-ideal mixing in 
the phlogopite-annite binary; constraints from experimental data on Mg-Fe 
partitioning and a reformulation of the biotite-garnet geothermometer: Contributions 
to Mineralogy and Petrology, v. 111, no. 1, p. 87-93. 
Bjørlykke, A., and Sangster, D.F., 1981, An overview of sandstone lead deposits and their 
relation to red-bed copper and carbonate-hosted lead-zinc deposits: Economic 
Geology 75th Anniversary Volume, p. 179-213. 
Coombe Geoconsultants Ltd., 1991, Base metals in Saskatchewan: Saskatchewan Energy and 
Mines Open File Report 91-1, 218 p. 
Coombe, W., 1994, Sediment-hosted base metal deposits of the Wollaston domain, northern 
Saskatchewan: Saskatchewan Energy and Mines Report 213, 213 p. 
Cumming, G.L., Tsong, F., and Gudjurgis, P., 1970, Fractional removal of lead from rocks 
by volatilization: Earth and Planetary Science Letters, v. 9, p. 49-54. 
Delaney, G.D., and Savage, D., 1998, Geological Investigations of the Context of Quartzite-
hosted Zn-Pb Mineralization, Sito-Adams Lakes Area, Wollaston Domain (parts of 
NTS 74A-4 and -5), in Summary of Investigations 1998: Regina, Saskatchewan 
Geological Survey, Saskatchewan Energy and Mines, Miscellaneous Report 98-4, p. 
29-35. 
 
  7 
Lewis, D.T., 2008, Foster River project, Hewetson Lake district, Saskatchewan: Structural 
evaluation of the Foster River property: Unpublished report, Wildcat Exploration, 34 
p. (with appendices). 
Lydon, J.W., Paaki, J.J., Anderson, H.E., and Reardon, N.C., 2000, An overview of the 
geology and geochemistry of the Sullivan deposit: Geological Association of Canada, 
Mineral Deposits Division Special Publication 1, p. 505-522. 
Rozendaal, A., 1986, The Gamsberg zinc deposit, Namaqualand district, in Anhaeusser, 
C.R., and Maske, S., eds., Mineral Deposits of South Africa: Johannesburg, 
Geological Society of South Africa, v. II, p. 1477-1488. 
Spry, P.G., Teale, G.S., and Steadman, J.A., 2009a, A Re-Classification of Broken Hill-type 
Pb-Zn-Ag deposits: Prospectors and Developers Association Convention, Toronto, 
March. Abstracts. 
Spry, P.G., Teale, G.S., and Steadman, J.A., 2009b, Classification of Broken Hill-type Pb- 
Zn-Ag deposits: A refinement: Eos Transactions AGU, v. 90 (22), Joint Assembly 
Supplement, Abstract, V21A-01. 
Steadman, J.A., and Spry, P.G., 2009, The geology and geochemistry of base metal sulfide 
mineralization in the Foster River area, northern Saskatchewan: A SEDEX deposit 
with Broken Hill-type affinities: Eos Transactions AGU, v. 90 (22), Joint Assembly 
Supplement, Abstract, V21A-02. 
Tisdale, D.T., Delaney, G.D., and Ansdell, K., 1997, The Iron Formation Member of the 
Spence Lake Formation, Paleoproterozoic Courtenay Lake-Cairns Lake Fold Belt, 
Wollaston Domain, Saskatchewan, in Summary of Investigations 1997: Regina,  
 
  8 
Saskatchewan Geological Survey, Saskatchewan Energy and Mines, Miscellaneous 
Report 97-4, p. 102-114. 
Tran, H.T., 2001, Tectonic evolution of the Paleoproterozoic Wollaston Group in the Cree 
Lake Zone, northern Saskatchewan, Canada: Unpublished PhD thesis, Regina, 
University of Regina, 585 p. 
Tran, H.T., and Yeo, G.M., 1997, Geology of the Burbidge Lake-northern Upper Foster 
Lakes area, eastern Wollaston Domain (NTS 74A-14), in Summary of Investigations 
1997: Regina, Saskatchewan Geological Survey, Saskatchewan Energy and Mines, 
Miscellaneous Report 97-4. 
Tran, H.T., Ansdell, K., Bethune, K., Watters, B., and Ashton, K., 2003, Nd isotope and 
geochemical constraints on the depositional setting of Paleoproterozoic 
metasedimentary rocks along the margin of the Archean Hearne craton, 
Saskatchewan, Canada: Precambrian Research, v. 123, p. 1-28. 
Tran, H.T., Ansdell, K.M., Bethune, K.M., Ashton, K., and Hamilton, M.A., 2008, 
Provenance and tectonic setting of Paleoproterozoic metasedimentary rocks along the 
eastern margin of Hearne craton: Constraints from SHRIMP geochronology, 
Wollaston Group, Saskatchewan, Canada: Precambrian Research, v. 167, p. 171-185. 
Tuba, T., 2007, Geological Report on the Foster River Property (2006 Summer Exploration 
Program), Hewetson Lake, Saskatchewan, Canada: Canadian Securities 
Administrators National Instrument (CSANI) 43-101 report to Wildcat Exploration, 
565 p. 
Yeo, G.M., and Delaney, G., 2007, The Wollaston Supergroup, stratigraphy and metallogeny 
of a Paleoproterozoic Wilson cycle in the Trans-Hudson Orogen, Saskatchewan, in 
 
  9 
 
Jefferson, C.W., and Delaney, G., eds., EXTECH IV: Geology and Uranium 
EXploration TECHnology of the Proterozoic Athabasca Basin, Saskatchewan and 
Alberta: Geological Survey of Canada Bulletin 588, p. 89-117 (also Saskatchewan 
Geological Society, Special Publication 18; Geological Association of Canada, 
Mineral Deposits Division, Special Publication 4). 
   10
CHAPTER 2.  ORIGIN OF LEAD-ZINC-SILVER MINERALIZATION IN THE 
FOSTER RIVER AREA, NORTHERN SASKATCHEWAN, CANADA 
A paper to be submitted to Economic Geology 
 
Jeffrey A. Steadman and Paul G. Spry 
 
Abstract 
 Base metal sulfide occurrences (Fable Lake, George, Sito South, Sito Southwest, Sito 
West, Sito East, Robyn Lake, and Mackie Lake), with high Zn:Pb ratios, occur in the Foster 
River area, northern Saskatchewan, on the southeast margin of the Paleoproterozoic 
Wollaston domain. The Sito East prospect is the largest of these occurrences and contains 
~50,000 metric tons of 4.5% Zn, with one drill intercept containing 11m of 4.2 % Zn and 
0.6% Pb. Boulders from a boulder train in the Fable Lake area generally contain higher 
grades than in situ sulfides, with one boulder assaying up to 13.2% Zn, 4.0% Pb, and 11 g/t 
Ag. All prospects, except for Sito South and Sito Southwest (sphalerite showings are hosted 
in amazonite-bearing pegmatite), are hosted in a thin, aerially extensive quartzite layer within 
a thick sequence of psammopelites in the middle of the Paleoproterozoic Wollaston Group. 
The Wollaston Group unconformably overlies Archean granitoids. 
 Base metal prospects in meta-quartzites and meta-arkoses, which locally contain 
gahnite, spessartine, and/or graphite,  are spatially associated with meta-exhalites (iron 
formation and quartz garnetite) and stratabound metamorphosed hydrothermal alteration 
zones (nodular sillimanite rock). Chondrite-normalized rare earth element (REE) patterns of 
all three rock types are characterized by light REE enrichment, positive Ce anomalies, 
   11
neutral to strongly negative Eu anomalies, and heavy REE depletion, consistent with an 
environment of deposition distinguished by a high (>30 wt %) continental detrital component 
in the source rock and formation from or interaction with low temperature (≤250°C), near-
neutral pH and high fO2 fluids. Sulfur isotope compositions of sulfides at Foster River are 
highly enriched in 34S (δ34S = 26.2-38.1‰, n = 20) and resulted from microbial reduction of 
partially reduced seawater sulfate in a restricted basin. 
 The spatial association of spessartine- and gahnite-bearing lithologies and silicate-
facies iron formation spatially with Paleoproterozoic base metal sulfides in a psammopelitic 
host sequence, imply similarities between sulfide mineralization in the Foster River area and 
Broken Hill-type Pb-Zn-Ag deposits. However, the markedly enriched δ34Ssulfide 
compositions, low Pb/(Pb+Zn) and Ag/(Pb+Zn+Ag) ratios, low Ag contents, and the absence 
of volcanic rocks in the clastic rock sequence hosting the ore suggest that sulfides in the 
Foster River are are part of a metamorphosed sedimentary exhalative system with Broken 




 According to Leach et al. (2005), sediment-hosted lead-zinc deposits can be divided 
into at least four subtypes including Mississippi-Valley-type (MVT), sedimentary exhalative 
(SEDEX), sandstone lead, and sandstone-hosted deposits. They also proposed that Broken 
Hill-type (BHT) lead-zinc silver deposits may form a separate class of SEDEX deposits and 
can transition into SEDEX and volcanogenic massive sulfide (VMS) deposits. The details of 
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the transition between the various subtypes of sediment-hosted lead zinc deposits (and 
possibly VMS deposits) have received minimal attention. 
The eastern margin of the Paleoproterozoic Wollaston domain, northern 
Saskatchewan, is locally enriched in zinc-lead sulfides, particularly at Morell Lake and 
Foster River, where the sulfides were metamorphosed to the amphibolite or granulite facies. 
The largest of these occurrences is the George Lake deposit (7.8 Mt @ 4% Zn+Pb, 2% Zn 
cutoff; Karup-Møller and Brummer, 1970), which occurs near Morrell Lake. Based on the 
results of drilling Coombe (1994) estimated that the George Lake prospect contains as much 
as 15 Mt of Zn + Pb.   
 Although 200 km apart, both groups of deposits are Zn-rich and hosted in feldspathic 
quartzites (Figs. 1 and 2) within the polydeformed and metamorphosed Wollaston Group, a 
sequence of metasedimentary rocks, the precursors of which were deposited on the eastern 
margin of the Hearne Province at 2.05-1.86 Ga (Tran, 2001; Tran et al., 2008).  
Comparisons between Foster River and the George Lake deposit have been drawn by 
several researchers, leading them to suggest that sulfide mineralization in both areas have 
genetic affiliations to sandstone-hosted Pb-Zn deposits (Karup-Møller and Brummer, 1970; 
Bjørlykke and Sangster, 1981; Coombe, 1994; Delaney and Savage, 1998). However, 
sedimentary exhalative (SEDEX) (Thayer, 2008) and Broken Hill-type (BHT) models (Tuba, 
2007) have also been applied recently to Zn-Pb occurrences in the Foster River area. Spry et 
al. (2009) considered a hybrid model for deposits in the Foster River area by proposing that 
sulfide mineralization were SEDEX deposits with BHT affinities. Tuba (2007) cited several 
geological and geochemical characteristics shared by sulfide mineralization in the Foster 
River area and BHT deposits, including their Paleoproterozoic age, and the spatial 
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association of sulfides with meta-exhalites (e.g., quartz garnetite, iron formation, quartz-
gahnite rocks).  
Major and trace element compositions of various types of rocks have been used to 
help determine their precursors.  Specifically, the concentration of the rare earth elements 
(REEs; La to Lu plus Y) and the shape of their profiles on normalized diagrams have 
provided significant genetic information (Bau, 1991).   In addition, some researchers have 
utilized Y/Ho and Zr/Hf ratios to understand fractionation processes in aqueous systems 
(Bau, 1996; Heimann et al., 2009).  Furthermore, the immobility of the REEs during 
metamorphism in environments with low fluid/rock ratios is well documented (Lottermoser, 
1989; Bau, 1991; Parr 1992).  Thus, the behavior of the REEs, in particular Eu and Ce, can 
yield insights into the physicochemical conditions of pre-metamorphic environments of rock 
formation. 
 In this contribution, major and trace element (including rare earths) compositions of 
meta-pelite, meta-psammopelite, nodular sillimanite rock, quartz garnetite, and amphibole-
garnet-quartz-magnetite rock (silicate-facies iron formation) spatially associated with zinc-
lead sulfide mineralization in the Foster River region have been obtained, along with the 
compositions of the major minerals in these rocks, and the sulfur isotope compositions of 
sulfides.  The aims of this study on the Foster River area are to (1) evaluate the origin of the 
host rocks spatially associated with sulfide mineralization and their possible precursors;  (2) 
determine the source of the sulfur, (3) evaluate the origin of the sulfide mineralization in the  
light of the previously applied SEDEX, BHT, and sandstone-hosted Pb models; and (4) to 
identify possible exploration guides for sulfide mineralization in the Foster River area and 
elsewhere in the eastern Wollaston domain.  
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Regional Geology 
The Precambrian shield in northern Saskatchewan and Manitoba is comprised of four 
Archean to Proterozoic tectonic provinces: the Superior (east), Sask (south), Trans-Hudson 
Orogen (central), and Rae Province (west). Of these provinces, the Paleoproterozoic Trans- 
Hudson Orogen is further subdivided into the Superior Boundary Zone (east), the Reindeer 
Zone (middle), and the Hearne Province (west; Lewry, 1987). The Hearne Province has 
three lithotectonic members, or domains: the Wollaston, Mudjatik, and Virgin River 
domains, collectively termed the Cree Lake Zone (Lewry and Sibbald, 1977). A fourth 
domain, Peter Lake, abuts the Wollaston domain on its eastern margin, but is considered part 
of the Reindeer Zone (Annesley et al., 2005). The Wollaston domain is located along the 
southeast margin of the Hearne Province, bounded by the Needle Falls Shear Zone to the 
south east and the Wollaston-Mudjatik Transition Zone to the northwest (Fig. 1). It is 
composed of Archean basement  that is unconformably overlain by, and complexly 
interfolded with, the Paleoproterozoic Wollaston Group (Tran, 2001). During an episode of 
Paleoproterozoic rifting (Ansdell et al.,2000; Tran et al., 2008), fine-grained, craton-derived 
sediments of the lower Wollaston Group, which consists of psammites, psammopelites, 
graphitic schist, silicate-facies iron formation and minor quartzite, were derived from the 
Hearne and Rae Provinces and deposited on the southern margin of the Hearne Province. The 
Wollaston Group is dominated by meta-pelites at its stratigraphic base, meta-psammopelitic 
rocks in the middle (host to the sulfides), and meta-psammites and meta-volcanic rocks at the 
top, consistent with the position of offshore magmatic arcs relative to the continental margin 
at those intervals (see Fig. 3; Tran et al., 2008). The Reindeer Zone contains remnants of both 
continental and oceanic island arcs, indicating the existence of convergent margins and/or 
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subduction zones (e.g., Flin Flon domain, La Ronge domain). Since subducted oceanic crust 
is needed to produce arc magmatism, an oceanic basin is believed to have existed in this 
region during the Paleoproterozoic (Ansdell, 2005). This inferred basin, which was named 
the Manikewan Ocean by Stauffer (1984), played a major role in the development of the 
Trans-Hudson Orogeny. Based on paleomagnetic data collected from granitoid plutons in the 
region, it is estimated that the maximum size of the Manikewan Ocean was similar to the 
modern Pacific Ocean (Symons, 1998; Symons and Harris, 2005; Ansdell, 2005). A U-Pb 
age of zircon in rhyolite porphyry from the Cook Lake area suggests that rifting of the 
Archean core of the Hearne Province commenced at 2075±2 Ma (Ansdell et al., 2000; Tran 
et al., 2008), and was caused by lithospheric extension and mantle melting (Ansdell, 2005). 
Intracratonic rifting persisted for approximately 20 m.y. followed by a relatively long-lasting 
(200 m.y.) passive margin setting with a mid-ocean spreading ridge, similar to modern-day 
eastern North America. 
Recent SHRIMP U-Pb geochronology of detrital zircons from the Wollaston Group 
indicated an increase in volcanic detritus during the period 1.92-1.88 Ga, consistent with the 
age of the arcs and their location relative to the margin of the Hearne Province (Tran et al., 
2008). With the formation of these and other arcs in the Manikewan Ocean, the depositional 
setting along the southern margin of the Hearne Province changed from tectonically passive 
to tectonically active, specifically, to a back-arc basin relative to the nearby Rottenstone 
continental arc. This ~40 m.y. magmatic interval is correlative to the middle subgroup of the 
Wollaston Group, which displays coarser grain sizes and more immature compositions than 
the underlying lower subgroup. 
As the juvenile Paleoproterozoic volcanic arcs and the Archean Sask and Superior 
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cratons neared the southern Hearne margin, the Manikewan Ocean continued to contract. At 
the same time, the amount of volcaniclastic sediment and its deposition rate in the back-arc 
basin along the Hearne margin significantly increased, which overwhelmed cratonic detritus. 
This change resulted in the formation of  conglomerate, calc-silicate rocks, evaporites, and of 
minor amphibolites in the upper part of the Wollaston Group. The southern Hearne 
margin also transitioned from a back-arc basin to a foreland basin during this period. Later, 
intrusion, uplift, and metamorphism associated with the 1.86-1.75 Ma Trans-Hudson 
Orogeny effectively caused deposition of the Wollaston Group to terminate, and closed the 
ocean and the depositional basin through the collision of the Rottenstone and La Ronge arcs 
with the Hearne Province. Specifically, deposition is thought to have ceased with the 
intrusion of the 1.87-18.6 Ga Wathaman Batholith near the boundary of the Cree Lake and 
Reindeer Zones (Ansdell, 2005; Tran et al., 2008). Following extensive crustal thickening, 
the Wollaston Group underwent two episodes of upper amphibolite- to granulite-facies 
metamorphism, with metamorphic grade increasing from east to west across the domain. 
Peak metamorphic temperatures and pressures of 750-825°C and 6-9 kb were reached at 
~1.82 Ga (Tran and Yeo, 1997; Tran, 2001; Annesley et al., 2005). 
Four episodes of ductile deformation during the Trans-Hudson Orogeny are generally 
recognized in the Wollaston domain (Lewry and Sibbald, 1980; Coombe, 1994; Delaney and 
Savage, 1998; Annesley et al., 2005; Yeo and Delaney, 2007). The first event produced rare 
F1 isoclinal folds and a prominent S0/S1 bedding-parallel foliation. The second, well recorded 
in the Mudjatik domain but not in the Wollaston domain, shows tight to isoclinal F2 folds and 
transposed S0/S1 foliation. D3 is considered to be the major fold event in the Wollaston 
domain, and is characterized by open to isoclinal F3 folds (F2 in some locations) that plunge 
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NE or SW (or both), as well as by a locally variable S2 or S3 foliation, and local shear zones. 
D4 produced open F4 folds (F3 folds in places) and an S3 or S4 foliation, expressed as a weak 
crenulation or local fracture cleavage. The Needle Falls Shear Zone, which is 200 km long 
and 1 km wide, also developed during D4 as a result of transverse movement along the 
contact between the Wollaston domain and the Wathaman Batholith (Fedorowich et al., 
2003; Annesley et al., 2005). Widespread brittle faulting (D5), which trend NNE/NNW, 
occurred at several locations in the Wollaston domain following the ductile deformation 
events. 
 
Local Geological Setting and Petrography of Major Rock Types  
 
Stratigraphic setting 
In the Foster River area, sulfide-bearing sedimentary rocks metamorphosed to the 
upper amphibolite-granulite facies occur in antiforms along the margins of Archean inliers. 
These inliers can be several kilometers in length and consist of granitic gneisses that 
are of granite, granodiorite, quartz monzonite, and quartz syenite composition, with 
charnockites locally present in the cores of some of them (Potter, 1980). According to Potter 
(1980), metasedimentary rocks in the Foster River area are part of the Wollaston Group and 
can be divided into a lower basal pelite unit (300-500 m thick), which is unconformably 
overlain by a psammitic unit that is up to 500 m thick. These two units are overlain by an 
arkosic unit. The lower basal unit was further subdivided into three parts (Potter, 1980): 1. 
The lowest part, consists of psammopelitic and pelitic gneisses with minor quartzites and 
arkoses; 2. The middle part is comprised primarily of silicate-facies iron formation (up to 50 
m thick); and 3. The upper part is composed of garnet-, cordierite-, and sillimanite-bearing 
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gneisses and schists. The overlying psammitic unit is dominated by pyrite- and graphite-
bearing arkoses with minor intercalated gneisses, quartzite, and subarkose. Arkose, 
subarkose, graphite-bearing gneiss, and quartz arenite occur near the stratigraphic top of the 
unit. Zinc-lead sulfide-bearing feldspathic quartzite occurs in the middle psammitic unit. This 
sequence of metasedimentary rocks is similar to that observed elsewhere in the Wollaston 
domain. However, it should be noted that volcanic rocks, which occur near the top of the 
Wollaston Group in the northern part of the eastern Wollaston domain, are absent in the 
Foster River area (e.g., Tran et al., 2008). 
The psammitic unit is interpreted to have formed in a passive-margin, possibly 
deposited in local sub-basins caused by horst-graben geometry created during the rifting of 
the Hearne Province (~2075-2050 Ma; Ansdell et al., 2000; Tran, 2001; Tran et al., 2008). 
Following this period of rifting, outboard continental and island arcs migrated toward the 
margin of the Hearne Province, where it contributed detritus to the basins. Tran et al. 
(2008) concluded that the sulfidic quartzite formed at ~1.92-1.88 Ga, based in part, on the 
fact that the major and trace element geochemistry of these rocks suggests more than one 
source for the detritus (i.e., the craton and the arcs; Tran, 2001), and the rocks are lacking the 
evaporitic character of units near the top of the Wollaston Group. The sulfidic quartzite at 
Foster River, which hosts at least eight base metal showings (Table 1), represents the first 
stages of a transition from a dominantly arkosic sequence to an impure quartzite unit (up to 
90 % quartz), which can contain up to several percent graphite, gahnite, sillimanite, biotite, 
garnet, and magnetite, along with the sulfides. The sulfide-bearing quartzite horizon at Sito 
West is sandwiched between two arkosic layers; one unit locally contains quartz garnetite 
and sillimanite faserkeisel (i.e., a nodular sillimanite rock). The petrography of the gahnite-
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bearing rocks, quartz garnetite, nodular sillimanite rock, and silicate-facies iron formation is 
summarized in Table 2.  They are discussed in further detail as they are interpreted here to 
contain hydrothermal components which, in turn, have potential genetic ties to the Pb-Zn 
sulfide mineralization. 
 
Structural and metamorphic setting 
Potter (1980), Coombe (1994), and Anderson (2006) recognized three ductile events 
and one brittle deformation event in the Foster River area, which have been recognized 
elsewhere in the Wollaston domain as part of the Trans-Hudson Orogeny (e.g., Tran and 
Yeo, 1997; Tran et al., 1998). Table 3 provides an overview of the structural elements. D1 
produced a regional penetrative deformation and the formation of mylonite along the margins 
of the Archean gneiss domes. S1 is manifested by the growth and alignment of sillimanite, 
cordierite, diopside, graphite, and hornblende, and F1 folds are generally rare and rootless but 
are locally present near the Sito East and Sito West prospects. The most prominent structural 
features at Foster River are F2 isoclinal folds, which plunge NE, and an associated prominent 
penetrative S2 schistosity. Flattening of the sillimanite faserkeisel in the nodular sillimanite 
rocks are associated with D2. F3 folds are open to closed, steeply plunging and are upright, 
and generally occur at the outcrop scale, particularly at the Sito East and Sito West prospects. 
These folds can be doubly plunging, and trend in an approximate E-W direction. Coaxial and 
mushroom-shaped interference patterns result from the interference of F2 and F3 folds on F1 
folds (Anderson, 2006). A conjugate set of post-D3 faults, with no observable displacement is 
also present (Coombe, 1994). Local NE-trending ductile shear zones in the area, particularly 
along the western side of the Sito East showing where it cuts the eastern limb of an F2 fold, 
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may represent the distal manifestation of the Needles Shear Zone (Anderson, 2006), which 
was active between 1.86 and 1.78 Ga (Fedorowich et al., 2003). 
The assemblages observed in the Foster River schists and gneisses (sillimanite-
garnet-biotite-cordierite-orthopyroxene, and sillimanite-cordierite-garnet-biotite-hornblende) 
suggest metamorphic conditions reached the upper amphibolite facies (Coombe, 1994; Tran 
and Yeo, 1997; Tran, 2001; Yeo and Delaney, 2007). The presence of both orthopyroxene 
and clinopyroxene in silicate-facies iron formation (sample JSSN 005, near Sito West; Figs. 
4a, b; Table 5) suggests that lower granulite facies conditions were also reached locally 
(Coombe, 1994). Magnetite also occurs in iron formation and with sulfides (Fig. 4c). 
The cordierite-sillimanite-spinel (zincian hercynite) assemblage in meta-pelite from 
the Fable Lake showing (Fig. 4d, e) suggests two possible zincian hercynite-forming 
reactions: 
 
biotite + sillimanite + quartz → hercynite + melt      (1) 
 
garnet + sillimanite + cordierite → hercynite + quartz     (2) 
 
The first reaction applies to garnet-free, cordierite-bearing rocks (e.g., sample FRSL 10218), 
whereas the second reaction occurs in meta-pelites, which contain garnet, cordierite, and 
spinel. Both of these reactions occur at granulite facies conditions, although the presence of 
zinc and iron in the spinel will allow this reaction to take place at the upper amphibolite 
facies. It should be noted here that gahnite is also locally abundant in the sulfidic quartzite at 
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Sito East, Sito West, Robyn Lake, and George, but none of the gahnite in these rocks 
contains inclusions of sillimanite, and is not spatially related with cordierite.  
 
Sampling and Analytical Methods 
 Samples of schist, gneiss, iron formation, quartz garnetite, and nodular sillimanite 
rock from fourteen diamond drill holes and surface locations in the lower part of the 
Wollaston Group at the Sito West, Sito East, Fable Lake, George, and Robyn Lake 
prospects, plus four iron formation samples from Jess Lake (south of Fable Lake) and one 
sulfidic schist from the Sydney Lake prospect (southwest of Jess Lake), were analyzed. 
Major oxides and trace elements (including REE) compositions of 53 samples were obtained 
from ACME Analytical Laboratory, Vancouver, Canada, using inductively coupled plasma 
(ICP)-emission spectrometry (ES) and ICP-mass spectrometry (MS), respectively, after the 
samples were subjected to a lithium metaborate-tetraborate fusion and dilute nitric acid 
digestion. Loss on ignition was obtained by weight difference following roasting at 1,000°C. 
Total carbon and sulfur were measured by Leco analysis. Base metal (Cu, Pb, and Zn) and 
precious metal contents were ascertained by dissolving the sample in aqua regia and 
analyzing with an ICP-MS. Standards used by ACME Analytical are accurate to within ±2 
percent for major elements and to ±5 ppm for trace elements. Sample location, rock type, 
and mineralogy are given in Table 3, whereas chemical compositions of representative 
samples are in Table 4. All analyses are shown in Appendix A. 
The REE data for the iron formation, nodular sillimanite rock, pelitic schist, and 
quartz garnetite were normalized to chondrite values from McDonough and Sun (1995). 
They were normalized to chondrite rather than Post-Archean Australian Shale or North 
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American Shale Composite so that comparisons can be made with REE data obtained from 
meta-exhalative rocks spatially associated with massive sulfide deposits (Peter and 
Goodfellow, 1996; Spry et al., 2000; Heimann et al., 2009). 
Sulfur isotopes of sulfides were prepared from samples of sulfidic quartzite in drill 
core and surface samples from the Sito East, Sito West, Fable Lake, and Robyn Lake 
prospects. Because of their fine grain size, rock samples were crushed and sulfides were 
hand-picked with the assistance of a binocular microscope and a magnetic pick (for 
pyrrhotite). Twenty sulfur isotope compositions were obtained on samples of pyrite (13 
separates), pyrrhotite (two separates), and sphalerite (five separates). Isotope compositions 
were determined in continuous-flow mode using a peripheral elemental analyzer (for on-line 
sample combustion) connected to a dedicated Finnigan MAT 252 mass spectrometer at the 
Stable Isotope Research Facility at Indiana University. Sulfide separates were ignited at 
1,050°C and cryogenically converted to SO2 by combustion with vanadium pentoxide, using 
the method of Yanagisawa and Sakai (1983). Sulfur isotopic values are presented in delta (δ) 
notation and referenced to the Vienna-Canyon Diablo troilite (V-CDT). Sample 
measurements were calibrated using one international standard (NB-127; 20.3‰) and two 
internal standards: ERE-Ag2S (silver sulfide; -4.7‰) and EMR-CP (chalcopyrite; 0.9‰). 
Repeat measurements of samples were accurate to ≤0.2 permil, standards to <0.5 permil. 
 
Petrography of Meta-exhalites and Stratabound Alteration Spatially Related to Sulfide 
Mineralization 
Spry et al. (2000) recognized that quartz-gahnite rock, quartz garnetite, and iron 
formation are meta-exhalites spatially and temporally related to some of the largest 
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base metal sulfide deposits in the world. In addition, Bonnet and Corriveau (2007) proposed 
that nodular sillimanite rocks were products of pre-metamorphic hydrothermal alteration and 
were potential vectors in the search for metamorphosed ore deposits. Here, we evaluate the 
petrography and geochemistry of gahnite-bearing sulfidic quartzite, quartz garnetite, silicate 
facies iron formation, and nodular sillimanite rock in the Foster River area in an otherwise 
thick sequence of clastic metasedimentary rocks. 
 
Sulfidic quartzite:  
The Foster River base metal sulfide showings are hosted in quartzite containing 
variable (but minor) amounts of k-feldspar, biotite, and sillimanite, as well as accessory 
garnet, magnetite, tourmaline, and gahnite (Fig. 7e). The sulfidic quartzite is sandwiched 
between nodular sillimanite rock in the stratigraphic hanging wall and quartz garnetite in the 
footwall. Higher-grade sulfide mineralization, which consists of disseminated grains, up to 4 
mm in length, of sphalerite, pyrite, galena, gahnite, pyrrhotite, chalcopyrite, marcasite, 
magnetite, and graphite occurs in the quartzite (Figs, 7a, b, c). Although galena is intergrown 
with sphalerite, it also occurs as inclusions within orthoclase. Where present, marcasite and 
chalcopyrite occur as a replacement of pyrite and sphalerite, respectively. Sulfides are 
commonly associated with alteration minerals such as sericite, carbonate, chlorite, and rare 
tourmaline but they also occur as isolated grains or intergrowths with the other sulfides. 
Coexisting  pyrite, pyrrhotite, and magnetite suggests that fO2 and fS2 conditions were 
relatively high. It is likely that graphite was an integral part of the precursor sedimentary 
rocks, given its widespread distribution in adjacent graphitic schists, and the ore sequence     
(Fig. 4c). Quartz in samples of sulfidic quartzite from the Sito East and George prospects 
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exhibit a well-developed lineation and foliation, along with biotite, muscovite, and 
sillimanite, whereas that in sulfidic quartzite from Sito West shows large, subrounded quartz 
grains with little or no preferred orientation. Zincian spinel contains 54-71 mole % ZnAl2O4, 
11-37 mole % FeAl2O4, and 6-18 mole MgAl2O4, (Fig. 5; Table 5; Appendix C), which 
overlaps the range of 55-90 mole % ZnAl2O4, 10-40 mole % FeAl2O4,and 5-20 mole% 
MgAl2O4, identified by Heimann et al. (2005) as being characteristic of  zincian spinel 
spatially associated and intergrown with metamorphosed massive sulfides elsewhere in the 
world. Garnet is enriched in manganese and contains between 30 and 77 mole % of the 
spessartine molecule (Fig. 6; Table 5; Appendix B). 
 
Nodular sillimanite rock 
Nodular sillimanite rock is characterized by individual knots of flattened, oblate, 
biotite-rimmed sillimanite (fibrolite)-quartz±potassium feldspar faserkeisel up to 10 cm long 
and 5-7 cm wide (usually 3-4 cm long and 1 cm wide), set in a matrix of equigranular quartz 
and k-feldspar. The sillimanite faserkeisel are locally pinkish red in color, due to inclusions 
of hematite (Fig. 7d). Garnet, which commonly has inclusion-rich cores and inclusion-free 
rims, occurs as isolated grains or is intergrown with knots of fibrolite. Rare grains of 
chalcopyrite and pyrrhotite are present in corroded pods of sillimanite. Trace amounts of 
magnetite are also locally present. However, it should be noted that lensoid porphyroblasts of 
magnetite, up to 2 cm in diameter, locally form 5-10% of sillimanite-bearing psammopelites, 
which are spatially associated with the nodular sillimanite rock, particularly at Sito East. The 
magnetite porphyroblasts are rimmed by an intergrowth of potassium feldspar, sillimanite 
and quartz (Fig. 7f). A similar texture was described elsewhere in the Wollaston domain by 
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Tran and Yeo (1997) and Yeo and Delaney (2007). Some of the magnetite-bearing 
sillimanite rocks at Sito East contain gahnite, rutile, and ilmenite, with gahnite and rutile 
occurring as small (sub-millimeter) inclusions in the magnetite porphyroblast or immediately 
adjacent to it, whereas ilmenite occurs either as inclusions or exsolution lamellae in 
magnetite. Gahnite in sulfide-free sillimanite gneiss and cordierite-bearing schist (Fig. 4d, e) 
is less enriched in the gahnite end-member (41-58 mole % ZnAl2O4, 31-45 mole % FeAl2O4, 
and 4-22 mole MgAl2O4; Fig. 5; Table 5; Appendix C) than in sulfidic quartzite (Fig. 4f), 
which is consistent with the absence of sphalerite and a coexisiting iron sulfide to buffer the 
high gahnite content in metamorphosed massive sulfides (Spry and Scott, 1986; Heimann et 
al, 2005). 
 
Quartz garnetite  
Quartz garnetite consists of quartz and subordinate potassium feldspar (up to 2 mm in 
diameter) and trace biotite, pyrrhotite, pyrite (locally altered to marcasite) and ilmenite with 
1-2 cm-thick bands of almandine garnet (up to 5 mm in diameter). Locally, garnet constitutes 
up to 50% of the rock and bands up to 10 cm thick at Sito West. An outcrop of quartz 
garnetite at Sito West is at least 20 m thick. It should also be noted that garnetiferous 
psammite with up to 50% garnet occurs in the stratigraphic footwall of the Sito West and Sito 
East prospects.  One of these horizons is stratigraphically equivalent to the quartz garnetite at 
Sito West. Garnet in quartz garnetite elsewhere in the world is generally enriched in the 
spessartine molecule; however, those at Foster River are dominated by the almandine 
molecule and only contain up to 22 mole % of the spessartine molecule, which is much lower 
than that in garnet found in sulfidic quartzite at Foster River (Fig. 6; Table 5; Appendix B). 
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Silicate-facies iron formation  
The massive to well-layered garnet-orthopyroxene-amphibole±magnetite± 
clinopyroxene gneiss is a prominent but minor unit in the Wollaston domain and has been 
referred to as a silicate-facies iron formation by Potter (1980), Coombe (1994), Tisdale et al. 
(1997), Delaney and Savage (1998), Savage (1999), and Tran (2001). It serves as an 
excellent marker horizon in the region based on its mineralogy, relatively high magnetic 
susceptibility, and anomalous gravity signature. In the Foster River area, it is up to 50 m 
thick, and is a prominent marker horizon that is located proximal to and stratigraphically 
below the sulfidic quartzite, nodular sillimanite gneiss, and quartz garnetite. It has 
gradational contacts with the graphitic meta-pelites at its stratigraphic base and meta-
psammite and meta-pelite at its top. The iron formation is banded with layers generally < 10 
cm wide of quartz or chert, alternating with bands of clinopyroxene (diopside, augite, 
hedenbergite; Fig. 8; Table 5; Appendix E), almandine garnet (> 80% of the almandine 
molecule and up to 15% of the spessartine molecule; Table 5; Appendix B), amphibole 
(ferrohornblende, actinolite, cummingtonite; Fig. 9; Table 5; Appendix D), plagioclase, 
orthopyroxene (ferrosilite; Fig. 8; Table 5; Appendix E), and magnetite (Fig. 4a, b). Biotite is 
a generally minor phase in the mafic layers along with accessory pyrrhotite, chalcopyrite, 
ilmenite, and graphite. Savage (1999) suggested that the base of the iron formation was more 
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Geochemistry of Metasedimentary Rocks, Iron Formation, Quartz Garnetite, and 
Nodular Sillimanite Rock 
Major elements 
Silicate-facies iron formation is composed mainly of SiO2 (41.4 to 68.2 wt. %), Fe2O3 
(9.9 to 40.0 wt. %), Al2O3 (6.1 to 16.1 wt. %), MgO (3.1 to 9.2 wt. %), and CaO (1.1 to 14.0 
wt. %). Three samples of iron formation (FRSL 10171, FRSL 10250, JSSN-004) contain 
less than 15 wt. % Fe2O3 due to the absence of magnetite. According to Spry et al. (2000), 
an iron formation is defined as a rock that contains at least 10 wt. % Fe, so the three low-iron 
samples are not strictly “iron formations,” even though they were collected from known 
localities of iron-rich varieties of iron formation. It should be noted that two of the three 
samples of iron formation (FRSL 10171 and FRSL 10250) with low Fe contents contain the 
highest concentrations of P2O5 (0.5 and 0.4 wt. %), whereas sample JSSN 004 has the highest 
amount of TiO2 (0.7 wt. %). Sample FRSL 10171 also contains the highest concentration of 
CaO (14.0 wt. %) and MgO (9.2 wt. %), due to the presence of diopside, garnet, tremolite, 
and  apatite (0.5 wt. % P2O5). Manganese contents of the iron formation are generally low 
(average 0.9 wt. % MnO), but sample JSGO-002 contains 2.9 wt. % MnO. Samples JSGO- 
001 and JSGO-002, from the George prospect, are deficient in silica but contain the highest 
amounts of Fe2O3 and MnO. 
Quartz garnetite is dominated by SiO2 (76.7 to 81.1 wt. %), Al2O3 (7.2 to 9.7 wt. %), 
Fe2O3 (5.8 to 10.5 wt. %), and K2O (1.4 to 4.6 wt. %). For comparison, whole rock analysis 
of massive and laminated quartz garnetite from Broken Hill, Australia (Spry et al., 2007), 
shows that it contains high amounts of Si, Al, and Fe, but has more Mn and Ca, and less K, 
than samples from the Foster River area. 
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Nodular sillimanite rock is characterized by high SiO2 (71.2 to 72.0 wt. %) and Al2O3 
(14.1 to 16.9 wt. %) contents, as well as uniform amounts of K2O (6.0 to 6.5 wt. %) 
and low concentrations of Fe2O3 (1.9 to 4.7 wt. %). As with the quartz garnetite and iron 
formation, manganese is a very minor component of the sillimanite pod gneiss; the highest 
MnO content is 0.18 wt. % in sample FRSL 10240 (microprobe microanalyses of garnet from 
this sample had an average of 3.4 wt. % MnO). Alumina concentrations largely reflect the 
relative amount of sillimanite in the rock, but it is also controlled by the presence or absence 
of biotite and feldspar. Nodular sillimanite rock can also contain significant amounts of iron 
(12.0 wt. % Fe2O3 in FRSL 10235; 16.7 wt. % Fe2O3 in FRSL 10213). When plotted in terms 
of Na2O/K2O (wt. %) versus SiO2/Al2O3 (Fig. 10) the compositions of sillimanite gneisses 
and nodular sillimanite rock overlap and plot within the field of “shales” of Pettijohn et al., 
1963). 
Eleven samples of the “pelitic unit” in the lower Wollaston Group were analyzed to 
compare base metal and REE concentrations between rocks unrelated to the sulfide 
mineralization and those proximal to the sulfide-bearing quartzite. Figure 10 shows that the 
precursors to these rocks were graywackes, lithic arenites and shales. Appendix A shows that 
maximum amounts of Zn (142 ppm), Pb (18 ppm), and Cu (115 ppm) in the metapelites are 
essentially the same as those for the iron formation, quartz garnetite, and nodular sillimanite 
gneiss. 
A ternary diagram in terms of Al, Fe, and Mn shows the relative contributions of 
hydrothermal (Fe, Mn) and detrital (Al) material to the iron formation, quartz garnetite, 
and nodular sillimanite gneiss (Fig. 11). The iron formation is considerably more enriched in 
hydrothermal detritus than the other two lithologies, except for the three IF samples that plot 
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outside the hydrothermal field towards the Al join due to the paucity of iron-bearing oxides 
and the presence of iron-bearing silicates. Quartz garnetite reflects a contribution of both 
hydrothermal and non-hydrothermal (i.e., detrital) components whereas nodular sillimanite 
rock plots toward the Al apex reflecting their high detrital content. The pelitic 
metasedimentary rocks  and sillimanite gneiss do not plot as close to the Al join as the 
nodular sillimanite rock, reflecting the higher amount of Fe enrichment overall in the last two 
lithologies. The Mn content of quartz garnetite and iron formation at Foster River rocks are 
low in comparison to hydrothermal sediments in the Lau Basin (Cronan and Hodkinson, 
1997), Red Sea and East Pacific Rise (Marchig et al., 1982), and diagenetic metalliferous 
sediments from the Pacific Ocean (Marchig et al., 1982). The relatively high input of 
hydrothermal components in the iron formation is shown in the ternary plot of Fe-Mn-
[(Co+Ni+Cu) x 10] ternary plot (Fig. 12). All three exhalative units exhibit very low 
concentrations of Co (≤ 44 ppm), Ni (≤ 18 ppm), and Cu (≤ 51 ppm). 
A plot of Fe/Ti versus Al/(Al+Fe+Mn) demonstrates that iron formation has Fe/Ti 
ratios between 20-180, including the three Fe-poor samples, and Al/(Al+Fe+Mn) ratios 
ranging from 0.1 to 0.4 (Fig. 13). Most samples of iron formation have Fe/Ti values near 80 
and Al/(Al+Fe+Mn) around 0.2, which equates to ~60-70 wt. % hydrothermal input and, 
therefore, places most of the Foster River IF samples outside of the compositional range of 
oxide facies iron formation field (BIF; from Heimann et al., 2009). However, they overlap 
the compositional range for silicate facies iron formation from Broken Hill (Australia) and 
Broken Hill (South Africa) (Spry et al., 2000). Quartz garnetite show Al/(Al+Fe+Mn) and 
Fe/Ti ratios of 0.5-0.3 and 20 to 60, corresponding to a hydrothermal input of 20-50%, which 
is lower than for most samples of quartz garnetite spatially associated with Broken Hill-type 
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mineralization in the southern Curnamona Province, Australia, including the main Broken 
Hill deposit. Sillimanite gneiss is exceptionally high in alumina, with all but one sample 
reaching an Al/(Al+Fe+Mn) ratio of greater than 0.7. Similarly, sillimanite gneiss, as well as 
graywacke and lithic arenite from that host sulfide mineralization contain elevated amounts 
of alumina, and a greater range in the Al/(Al+Fe+Mn) ratio than (sillimanite gneiss: 0.4-0.9; 
graywacke and lithic arenite: 0.3-0.8) compared to nodular sillimanite rock (0.7-0.9). 
 
Rare earth elements 
Chondrite-normalized rare earth element concentrations of iron formation, quartz 
garnetite, and nodular sillimanite gneiss (Fig. 14a-e) generally display light rare earth 
element (LREE) enrichment, heavy rare earth element (HREE) depletion, no or small 
(Ce/Ce* ≥ 1.1) positive cerium (Ce) anomalies (Ce/Ce* = (CeCN/([LaCN+PrCN])/2), and small 
to large (Eu/Eu* ≤ 1) negative europium (Eu) anomalies (Eu/Eu* = 
(EuCN/([SmCN+GdCN])/2), where CN is chondrite-normalized, using the values of Sun and 
McDonough (1995). Samples of iron formation exhibit small to large negative Eu anomalies, 
due to the large amounts of detritus in the precursor to these rocks (20-30 %; Fig. 13), and no 
Ce anomalies. The REECN profile of sample JSSW-018 (Fig. 14c) is similar to those of 
quartz-garnet lithologies in the Broken Hill domain, Australia (Spry et al., 2007), and in the 
southern Curnamona Province, Australia (Heimann et al., 2009), which show LREE 
depletion, HREE enrichment, and flat to decreasing heavy REE trends. 
Nodular sillimanite rock and sillimanite gneiss (Fig. 14b, d) have similar REE 
profiles but this is to be expected given the presence of the same minerals in both rock types. 
The lone exception is sample FRSL 10238, which has a distinct positive Eu anomaly, along 
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with a small positive Ce anomaly (Eu/Eu* = 1.73, Ce/Ce* = 1.29; Fig. 14d, 15). FRSL 10238 
had the highest amount of SiO2 (84.8%) and lowest Al2O3 (7.8%) content for sillimanite 
gneisses, as well as the lowest REE totals of any rock measured here (ΣREE = 31.4). 
Normalized REE patterns of the metamorphosed graywacke, lithic arenite and shale from the 
basal part of the Wollaston Group do not differ greatly from the profiles of the sillimanite-
rich rocks, although sample FRSL 10207 shows a very strong negative Eu anomaly, a 
prominent Gd spike, and a high LaCN/LuCN ratio, which none of the other rock types display 
(Fig. 14e). 
 
Sulfur Isotope Study 
Sulfur isotope compositions of sulfides at Foster River are highly enriched in 34S 
(δ34S = 26.2-38.1‰, n = 20) (Table 6; Fig. 16), which is characteristic of Paleoproterozoic 
and Mesoproterozoic seawater sulfate and some Paleoproterozoic and Mesoproterozoic 
SEDEX base metal sulfide deposits (Strauss, 1993, 2004; Huston and Logan, 2004; Lyons et 
al., 2006; McClung et al., 2007). 
 
Discussion 
The protolith of iron formation, quartz garnetite, and nodular sillimanite rock  
 
 Iron formation: The silicate-facies iron formation contains approximately 30-40% 
detritus (Figs. 11-13), which is high by comparison to the detrital component found in the 
precursor of most iron formations around the world (Fig. 13; Spry et al., 2000; Heimann et 
al.., 2009).  According to Tran (2001), iron formation occurs in the lower part of the 
Wollaston Group such that the hydrothermal component of the iron formations was 
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associated with rifting of the eastern Hearne craton ca. 2075 Ma (Ansdell et al., 2000). Tran 
also suggested that amphibolite and ultramafic rocks in the western part of the Wollaston 
domain, near Cup Lake, comprise a major source of detritus in iron formations, even though 
these volcanic rocks are not present in the Foster River area. The low silica content of iron 
formation in the Foster River area, relative to iron formations elsewhere, supports the 
concept that mafic detritus was more abundant than felsic detritus, or that mafic lithologies 
were closer to the site of deposition. The paucity of hydrogenetic elements (Ni, Co, Cu, W, 
Zr, Hf, Y, Nb, Th, Ta) and the lack of negative CeCN anomalies in most samples indicate that 
the entrainment of detrital and hydrothermal components in seawater was not an important 
process, while high Al, Ti, and Sc (> 3 ppm) contents are evidence for a high input of clastic 
detritus in the precursor (Bau, 1993). 
Quartz garnetite: Plots of Fe/Ti versus Al/(Al+Fe+Mn) (Fig. 13) and Fe-Mn-
[(Ni+Co+Cu) x 10] (Fig. 12) show that quartz garnetite contains roughly equal proportions of 
hydrothermal sediment and detritus in the precursor, with very little hydrogenetic material.  
All three samples of quartz garnetite exhibit positive CeCN anomalies (Fig. 14c; Table 4), 
which are likely the result of oxidative surface weathering (e.g., Mongelli, 1993; Slack et al., 
2009) or due to the particles being entrained in seawater.  Although quartz garnetite in or 
adjacent to Broken Hill-type mineralization in the Curnamona Province, Australia, show 
little to no Ce anomalies, they, like quartz garnetite in the Foster River area, have 
approximately equal proportions of detritus and hydrothermal sediment in their precursors 
(Fig. 13), with a low hydrogenetic component (Spry, 1990; Spry et al. 2007; Heimann et al., 
2009).  The presence of up to 40% garnet in schists adjacent to quartz garnetite resembles 
“garnet spotting” in quartzites in the stratigraphic footwall of the Cannington Pb-Zn-Ag 
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deposit, Australia (Walters and Bailey, 1998); garnet schist and quartz garnetite in the 
stratigraphic footwall of the Black Mountain Pb-Zn-Cu deposit (Ryan et al., 1986), and 
garnet spotting in schists adjacent to the Broken Hill Pb-Zn-Ag deposit, Australia (Plimer, 
2006). Such rocks are likely to be part of a premetamorphic hydrothermal alteration.   
Nodular sillimanite rock: Nodular sillimanite rocks similar to those seen at Foster 
River occur adjacent to several metamorphosed massive sulfide deposits, including the 
Southern Cross Pb-Zn-Ag mine, Australia (Parr et al., 2004); Geco, Ontario (Zaleski and 
Peterson, 1995), Bathurst-Norsemines, Nunavut (Casselman and Mioduzsewska, 1982), and 
most Proterozoic volcanogenic Cu-Zn deposits in central Colorado (Heimann et al., 2005).  
In these locations, the precursor to nodular sillimanite rock is generally considered to 
represent a stratabound hydrothermal alteration zone that formed when hot, acidic fluids 
migrated through pelitic or volcanic rocks and deplete them of alkalis, FeO and MgO and 
other mobile elements. If this is the case, then their chemistry should be distinguished from 
the chemistry of pelitic and volcanic rocks in the same sequence of rocks, which were not 
subjected to hydrothermal alteration. At Foster River, these rocks were likely to be clay-rich 
horizons.  Figure 17 is a comparative plot showing Cr/Ni ratios of the nodular sillimanite 
rock from Foster River, pelitic schist and gneiss from the lower Wollaston Group, and 
compositional fields and averages of samples from Willner et al.’s (1990) study on 
peraluminous rocks in the Namaqualand metamorphic complex, South Africa.  Nodular 
sillimanite rocks from Foster River plot in the same general area as metapelites from the 
Wollaston Group.  The ratio of Cr:Ni in the nodular sillimanite rocks overlaps that of 
metapelitic rocks and may be the result of the low volume of sillimanite nodules in the Foster 
River samples by comparison to similar rocks from other locations (e.g., central Colorado), 
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where the rock can consist almost entirely of sillimanite nodules (Heimann et al., 2005, Fig. 
3a, p. 609).   
Nodular sillimanite rocks have also been reported from areas spatially unrelated to 
sulfide mineralization (Losert, 1968; Digel et al., 1998; Acevedo, 2002; Tyson et al., 2002).  
In these settings, several different models of formation for nodular sillimanite rocks have 
been proposed in the literature (see Losert, 1968), although Bonnet and Corriveau (2007) 
regarded these rocks as being potential exploration vectors to metamorphosed sulfide 
deposits.  Losert (1968) proposed that sillimanite nodules are a product of late metamorphic, 
post-kinematic phenomena where nodules grew in static environments and acidic fluids 
leached the mobile elements.  However, a more common explanation for the formation of 
nodular sillimanite rocks involves some form of metasomatism or hydrothermal alteration 
(Digel et al., 1998; Foster et al., 1999; McLelland et al., 2002), similar to that proposed for 
sillimanite pod rock in areas that host metamorphosed volcanogenic massive sulfide deposits.   
The presence of magnetite, gahnite, and trace amounts of sulfide in samples from the 
Foster River area supports the concept that nodular sillimanite rocks formed by the 
hydrothermal alteration of rocks that were also the precursors of sillimanite gneisses. 
However, this alteration was probably not extensive due to the high average potassium 
content (6 wt. % K2O) of the nodular sillimanite rocks unless potassium was added. The 
localized development of this rock across the Foster River area suggests that the 
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Conditions of formation for iron formation, quartz garnetite, and nodular sillimanite rock 
based on REE and CHARAC systematics 
 
 Studies on the mobility of REE during high-grade metamorphism have shown that 
REEs are not transported great distances and their concentrations remain essentially 
unchanged in these settings, unless the fluid-to-rock ratio (f/r) is high (i.e., > 100; Mueke et 
al., 1979; Taylor et al., 1986; Bau, 1991), which is uncommon in most high-grade 
metamorphic environments. In cases where f/r > 100, Bau (1993) demonstrated that LREEs 
are more susceptible to movement than HREEs because of their larger ionic radii, which 
reduces the likelihood of incorporation of HREEs into minerals forming under these 
conditions.  Other possible influences on the REE content of rocks in the Foster River area 
are diagenesis, hydrothermal alteration, and weathering. Bau (1993) extended the results of 
prior studies of diagenetic effects on REE abundance in various types of sediments (all of 
which showed that diagenesis has little effect on REE concentrations) to include iron 
formations. Changes in REE abundance due to hydrothermal alteration do not seem to have 
been important either, since all samples from within a particular unit show similar chondrite-
normalized profiles, regardless of location.  Sample FRSL 10238 is the only specimen that 
exhibits a profile unlike the rest of the nodular sillimanite rocks, as well as all iron 
formations and quartz garnetites, and that has a positive Eu anomaly.  It also has the lowest 
REE totals (ΣREE = 31.4 ppm; average ΣREE = 209.4 ppm) of any sample analyzed here. 
Normalized rare earth element plots of Precambrian iron formations have been used 
extensively as a proxy for redox conditions in the hydrosphere of the early Earth and for 
understanding how the ocean-atmosphere-lithosphere system operated during this time (Bau 
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1993: Bau and Dulski, 1996; Peter and Goodfellow, 1996; Huston and Logan, 2004; Slack et 
al., 2009).  Chondrite-normalized REE patterns of these iron formations generally show 
positive Eu anomalies and negative Ce anomalies, especially where associated with massive 
sulfides (Spry et al., 2000).  However, if a sample contains appreciable amounts of 
terrigenous or clastic detritus (i.e., >30%), then LREEs increase, HREEs decrease, and a 
negative Eu anomaly generally results.  Iron formation from the Foster River area contains 
between ~20 and 30 wt. % detritus on average and exhibits a negative Eu anomaly (Fig. 13). 
 Figure 18a demonstrates the CHARAC (“CHArge and RAdius Controlled”) behavior 
of samples from the Foster River area.  Certain trace element twin pairs (e.g., Y-Ho and Zr-
Hf) should display internal coherence and retain their respective chondritic ratios in most 
geologic settings (Bau, 1996; Heimann et al., 2009).  Basic and intermediate igneous rocks 
exhibit CHARAC properties, while non-CHARAC behavior is typical of seawater, 
hydrogenetic Fe-Mn crusts, and hydrothermal vein fluorite. The last two rock types contain 
elements that were carried in solution as a fluoride or other high field strength element 
complexes rather than chloride complexes; Bau and Dulski (1995) and Bau (1996) 
demonstrated that chondritic Y/Ho and Zr/Hf ratios are common in rocks that were 
controlled by chloride complexation, whereas non-chondritic ratios are more typical of 
situations where fluoride complexation was dominant.  Rocks from the Foster River area that 
fall outside of the CHARAC box (i.e., have higher Y/Ho ratios) in Figure 18b are all iron 
formations, and indicate that they contain higher amounts of hydrothermal material than the 
other samples of iron formation, as well as quartz garnetite and sillimanite gneiss.  However, 
since they plot close to the CHARAC box, fluoride species were most likely minor 
components of the hydrothermal fluid from which they formed.  A similar conclusion was 
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reached for the composition of the fluid that formed quartz garnetite in the southern 
Curnamona Province (Heimann et al., 2009). 
 
Conditions controlling Eu and Ce behavior in nature and their effect on Eu and Ce 
distribution in the Foster River lithologies 
Many factors control the geochemical behavior of REE in geologic settings, including 
temperature, pressure, pH, redox potential, fO2, hydrothermal versus detrital input, fluid/rock 
ratios, adsorption, and complexation species (Sverjensky, 1984; Lottermoser, 1989, 1992; 
Bau, 1991, 1993; Parr, 1992; Peter and Goodfellow, 1996; Spry et al., 2007; Heimann et al., 
2009).  Peter and Goodfellow (1996) suggested that presence of a positive Eu anomaly 
usually indicates a mostly hydrothermal (Eu2+-dominant) component to the precursor of 
rocks that contain hydrothermal, detrital, and diagenetic components (Peter and Goodfellow, 
1996), whereas a negative Eu anomaly is generally indicative of high amounts of detritus 
(Eu3+-dominant).  For example, Parr (1992) in a study of garnet-rich rocks and other meta-
exhalites from the Pinnacles deposit (the second largest Broken Hill-type deposit in the 
Broken Hill block), showed that distance or position relative to the orebody was not a major 
control on the shape of the Eu anomaly. Instead, she proposed that local-scale stratigraphic 
positions played a greater role in determining the geochemical behavior of the REEs in the 
meta-exhalites.  Meta-exhalites in the Pinnacles mine sequence show a general trend of 
LREE-enriched profiles with negative EuCN anomalies in the footwall, to less LREE-enriched 
profiles with zero or positive EuCN anomalies in the ore lenses and the hanging wall, although 
significant variation is present in each rock type.  For example, one sample of quartz 
garnetite in the footwall of the Pb lode (i.e., the ore zone) has a prominent positive EuCN 
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anomaly and depleted LREEs, while another from the hanging wall contains a negative EuCN 
anomaly and high LREE contents relative to the HREEs.  Parr explained these patterns as a 
function of changes in the primary REE concentration of the hydrothermal fluid; thus, the 
hottest, most reduced and acidic fluids (Pb lode) contain positive Eu anomalies, whereas 
cooler, more oxidized and neutral fluids (Zn lodes) have negative Eu anomalies. Such an 
interpretation is in keeping with that of Sverjensky (1984) who showed that the positive or 
negative nature of the Eu anomaly is temperature dependent.  
The presence of a negative Eu anomaly in almost all samples of iron formation and 
quartz garnetite from the Foster River area indicates that temperatures of the hydrothermal 
fluid component were cool (~250°C), and that these units were deposited in an oxidized, 
near-neutral pH environment.  On the other hand, the negative Eu anomaly for the nodular 
sillimanite rocks and sillimanite gneisses are consistent with the high detrital component of 
their precursors. Although the iron formation has a higher Fe/Ti ratio than that for quartz 
garnetite and nodular sillimanite rock, the low Mn and high detrital contents of iron 
formation also result in a negative Eu anomaly.  Eu2+ has greater affinity for Mn2+-bearing 
compounds because of the similarity in ionic radius between these two species, whereas Fe2+ 
has a larger ionic radius than Eu2+, preventing Fe2+-rich compounds from incorporating or 
adsorbing as much Eu2+ into their structure or onto their surfaces, respectively (Heimann et 
al., 2009).  
Cerium is an indicator of redox conditions in the water column.  In the ocean, Ce3+ is 
oxidized to Ce4+ where the latter is virtually insoluble under oxidizing conditions and near-
neutral to high pH. The more oxidized species are preferentially incorporated into the 
octahedral sites of hydrothermal precipitates, or adsorbed as CeO2 onto the surfaces of grains 
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in bottom sediments (Peter and Goodfellow, 1996).  Ce4+ also precipitates as a colloidal 
hydroxide, which allows it to be rapidly incorporated into Mn nodules and Fe-Mn crusts, 
making these lithologies enriched in cerium relative to the other LREEs, while 
simultaneously depleting the ambient deep ocean water of cerium.  Negative Ce anomalies 
are characteristic of ambient seawater, whereas positive Ce anomalies are typical of 
hydrogenous sediments (e.g., Mn nodules, Fe-Mn crusts).  Positive Ce anomalies can also 
form via oxidative surface weathering, whereby insoluble Ce4+ remains in the weathered 
sample as CeO2 while other REEs are carried away in solution (Mongelli, 1993; Slack et al., 
2009).  Neutral Ce anomalies have been reported from the bottom waters of the Cariaco 
trench off Venezuela, which is a direct result of the anoxic conditions at this location, since 
Ce is readily dissolved in solution at low pH and reducing conditions (Peter and Goodfellow, 
1996).  The Brunswick Horizon iron formation in the Bathurst district, New Brunswick, 
contains variable Ce anomalies, with the most negative Ce anomalies in magnetite-bearing 
iron formation and the least negative in siderite-bearing iron formation (Peter and 
Goodfellow, 1996).  Using samples from the Penge iron formation, South Africa, Bau and 
Dulski (1996)  demonstrated that the presence or absence of praseodymium (Pr) anomalies 
[calculated as Pr/Pr* = 2PrSN/(CeSN + NdSN), where SN is shale normalized] and lanthanum 
anomalies [positive: Pr/Pr* ~1.00, Ce/Ce* < 0.95; negative: Pr/Pr* ~1.00, Ce/Ce* > 1.05] are 
both controls on the behavior of Ce in the rock, and that interpretation of the Ce/Ce* ratio is 
meaningless without correcting for possible influence of the Pr and Nd on the value of 
Ce/Ce*. 
Figure 19 reveals that most iron formation samples from the Foster River area plot in 
the neutral Ce/neutral La anomaly field, whereas some occur in the negative La/neutral Ce 
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anomaly field. Exceptions are samples JSSN 010, FRSL 10219 and 10220 (positive Ce 
anomalies), and JSSN 007 (negative Ce anomaly). Since there is only a minor effect of 
diagenetic processes on REE abundance in iron formations and other sediments (Bau 1993), 
the positive Ce anomalies in iron formations from Foster River are either an inherited feature 
from its precursor or the result of surface weathering processes. If the former is true, the 
source material for these three samples must have included Ce-rich lithologies, such as 
hydrogenous sediments. However, all samples of iron formation contain very low amounts of 
hydrogenetic elements (e.g., Ni, Co, Cu, Zr, Hf), which reduce the likelihood that the positive 
Ce anomaly is inherited. The latter option is thus the most plausible. Negative Ce anomalies 
in clastic-free iron formations indicate Ce-REY decoupling (i.e., oxidative removal of Ce) 
via changes in the redox state of the fluid(s) (Bau and Alexander, 2009). However, it is 
unlikely that such a scenario applies to sample JSSN 007, which contains 9 ppm Sc, a clear 
indication of high clastic material from the source rock. The neutral to positive Ce anomalies 
present in most of the REY profiles of the nodular sillimanite rock, iron formation and quartz 
garnetite at Foster River, indicate that they were probably deposited in a shallow-water 
setting, under oxidizing and neutral pH conditions. 
 
Source of sulfur in Foster River sulfides and implications for middle Paleoproterozoic 
seawater? 
The sulfur isotope composition of sulfate in the global ocean has varied throughout 
geologic time (Fig. 20), although its average value has stayed relatively constant (δ34SCDT = 
~20‰; Strauss, 2004).  During the Proterozoic eon, the average δ34S value of seawater 
sulfate is believed to have been 20 to 25 per mil, although sulfate concentration in the ocean 
was < 35 % of current levels (0.5-2.4 mmol/kg vs 28 mmol/kg; Shen et al., 2002; Strauss, 
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2004; Kah et al., 2004).  As a consequence, large excursions in δ34Ssulfate and δ34Ssulfide 
composition over relatively short stratigraphic distances and time intervals have been 
described for several Mesoproterozoic and Neoproterozoic formations (e.g., 15‰ shift over 
200m section, representing ~ 5 m.y. of deposition, 1.3 Ga Dismal Lakes Group, Canada; Kah 
et al., 2004).  Such isotopic shifts do not occur in the modern-day ocean (Δmax = 0.5‰/Ma; 
Gellatly and Lyons, 2005) due to the immunity of the large oceanic sulfate reservoir to fluxes 
in sulfate supply and H2S sequestration, regardless of fractionation processes associated with 
bacterial sulfate reduction (Kah et al., 2004; Strauss, 2004; Gellatly and Lyons, 2005). 
The seawater sulfate history of the Archean and Paleoproterozoic eras is significantly 
less complete than the record of the Phanerozoic, Neoproterozoic, or even the 
Mesoproterozoic eras, in large part, due to the lack of preserved ocean-derived gypsum, 
anhydrite, or barite sequences older than ~1.3 Ga.  Bedded marine sulfate deposits containing 
calcium are rare, regardless of any diagenetic, hydrothermal, or metamorphic processes, 
since most calcium was taken up to form calcite and dolomite prior to 1.3 Ga as a result of 
greater CO2 saturation in the atmosphere and global ocean, which would have increased the 
amount of evaporation required to precipitate gypsum (Kaufman and Xiao, 2003; Kah et al., 
2004; Gellatly and Lyons, 2005; Slack et al., 2009).  However, despite the paucity of sulfates 
during the Archean, chert and carbonate routinely incorporate trace amounts of sulfate during 
formation, which can potentially provide critical information regarding Precambrian seawater 
sulfur isotope history (Strauss, 1993, 2004; Lyons et al., 2004; Gellatly and Lyons, 2005).  
Kah et al. (2004) evaluated the carbonate-associated sulfate geochemistry of Proterozoic 
sequences from North America (Arctic Canada: 1.2 Ga Society Cliffs Formation, 1.3 Ga 
Dismal Lakes Group; Montana: 1.45 Ga Helena Formation), Australia (1.7 Ga McNamara 
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Group), South America (Brazil: 750 Ma Vazante Formation), and Africa (Namibia: 740 Ma 
Otavi Group), in order to track changes in marine sulfate concentration over time and in 
various locations due to the progressive oxygenation of Earth’s atmosphere.  In the Society 
Cliffs Formation, bedded gypsum of marine origin and carbonate-associated sulfate are both 
present, and the δ34SVCDT values of the gypsum are closely tracked by those in the carbonate-
associated sulfate.  This demonstrates the remarkable ability of carbonate-associated sulfate 
to accurately record marine sulfate isotope signatures, which provides a valuable tool for 
extracting meaningful sulfur isotope data from Precambrian rocks. 
Kah et al. (2004) corroborated the findings of Gellatly and Lyons (2005), who 
analyzed carbonate-associated sulfate from three Mesoproterozoic formations in the United 
States (~1.2 Ga Mescal Limestone, Apache Group, Arizona; ~1.45-1.47 Ga Helena and 
Newland formations, Belt Supergroup, Montana) and one late Paleoproterozoic formation in 
Australia (~1.65 Ga Paradise Creek Formation, McNamara Group, Queensland).  Carbonate-
associated sulfate from all four sequences of carbonate record rapid variation in the sulfur 
isotope composition over small stratigraphic distances, with those from the Mescal 
Limestone, Helena, and Paradise Creek Formations exhibiting both increasing and decreasing 
δ34S trends up the stratigraphic section.  The Helena Formation displays a systematic increase 
followed by a ~20 per mil decrease, over 380 m of section.  These variations are not regarded 
as being products of diagenetic overprint, instead, they are considered to represent global 
patterns, rather than local fluctuations in a restricted basin, because similar patterns are seen 
in sulfate and sulfide minerals (including carbonate-associated sulfate) in Mesoproterozoic 
sections in other parts of the world. 
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Gill et al. (2008) further highlighted the usefulness of carbonate-associated sulfate as 
a paleoproxy to determine the sulfur isotope composition of ancient seawater sulfate by 
evaluating the sulfur isotope composition of trace sulfate in Pleistocene corals in the Key 
Largo Limestone, Florida.  These corals underwent moderate to intense meteoric diagenesis, 
resulting in inversion of the original aragonite to calcite.  Gill et al. found that the sulfur 
isotope composition of sulfate (δ34Scarbonate-associated sulfate) throughout the diagenetic process 
was due to the buffering of the trace sulfate in calcite by that in aragonite, since almost all of 
the sulfur present in the meteoric fluid was derived from the aragonite 
Studies of the Precambrian carbonate-associated sulfate, along with others done on 
Precambrian sedimentary sulfides and ore sulfides, have shown that the δ34S isotope 
composition of seawater sulfate in Proterozoic rocks is highly variable.  In particular, δ34S 
isotope compositions of Paleo- and Mesoproterozoic sulfides similar to or heavier than 
coeval seawater sulfate have been identified (e.g., Thode et al., 1962; von Gehlen et al., 
1983; Scott et al., 1985; Davidson and Dixon, 1992; Ding and Jiang, 2000; Strauss et al., 
2004; McClung et al., 2007).  Davidson and Dixon (1992) proposed extreme organic 
reduction of seawater sulfate in a system closed to H2S to explain the large range of positive 
δ34S isotope values obtained from diagenetic pyrite in the Paradise Creek Formation, 
Australia (20.8-50.8‰).  McClung et al. (2007) considered a similar scenario for the 
formation of bedded barite and associated sulfides in the Aggeneys district, South Africa.  
Ding and Jiang (2000) interpreted the nearly identical sulfate and sulfide isotopic 
compositions from the Langshan Pb-Zn district as a consequence of the reduction of seawater 
sulfate.   
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The absence of igneous rocks in the middle Wollaston Group near Foster River, 
strongly suggests that magmatic sulfur was not an important source of sulfur.  Rare 
hornblende-dominant rocks, which were interpreted to be amphibolites by Tran (2001), occur 
at the stratigraphic top of the Wollaston Group, 100s of kilometers from Foster River, 
presumably formed after sulfides were precipitated at Foster River.  The middle Wollaston 
Group, which contains the Foster River Zn-Pb mineralization, would have undergone 
compaction and possibly lithification before these amphibolites had formed.  The very high 
sulfur isotope compositions (δ34S = 26.2-38.1‰, n = 20) are consistent with a reduced 
seawater sulfate origin in which sulfur in the Foster River sulfides was most likely sourced 
from sulfate in basinal waters along the eastern margin of the Hearne Province, which were 
probably isolated from the open waters of the Manikewan Ocean. The high amount of 
graphite (locally) in both sulfide-bearing and sulfide-free quartzites and related lithologies at 
Foster River indicates the possible presence of microbial colonies that may have played a 
significant role in modifying the isotopic composition of 34S-enriched seawater sulfate in the 
shallow marine basins at ~1.92-1.88 Ga. 
  
Comparisons between sulfide mineralization in the Foster River and Morell Lake areas 
 The eastern Wollaston domain contains many zinc, lead, and copper sulfide 
prospects, but the largest are those in the Foster River (Table 9; Coombe, 1994; Delaney and 
Savage, 1998; Yeo and Delaney, 2007), and Morell Lake areas (Table 2; Karup-Møller and 
Brummer, 1970; Coombe, 1994).  The quartzite that hosts the Morell Lake Zn-Pb-Ag 
showings is part of the lowermost Wollaston Group and is not to be confused with the other, 
more arkosic quartzite higher in the stratigraphic sequence that contains the Foster River Zn-
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Pb-Ag base metal occurrences (Tran, 2001). It should be noted that the base metal showings 
at Morell Lake are not spatially associated with nodular sillimanite rock, quartz garnetite, 
quartz-gahnite rocks, or iron formation, and that the feldspathic quartzite host at Foster River 
contains locally abundant gahnite and high amounts of K-feldspar.  
Previous workers considered the sulfide mineralization near Foster River, and parts of 
the Morell Lake area, to be sandstone-hosted Pb deposits, similar to Laisvall, Sweden, and 
L’Argentiére, France (Karup-Møller and Brummer, 1970; Potter, 1980; Bjørlykke and 
Sangster, 1981; Coombe, 1994; Delaney and Savage, 1998; Yeo and Delaney, 2007).  The 
main lines of evidence for this interpretation are the stratabound and disseminated nature of 
the mineralization, the high Pb/(Pb+Zn) ratios in some of the showings in the Morell Lake 
area (Marina, Simon Lake), and the composition of the host rocks (arkosic to orthoquartzite 
that is capped by pelite in the stratigraphic hanging wall of the sulfide showings).  However, 
there are many features of both areas that set them apart from other sandstone-hosted Pb 
deposits.  The most fundamental difference is metal content: half of the Morell Lake 
showings are enriched in Pb, whereas the other half are Zn-dominant; all the Foster River 
occurrences are Zn-dominant (see Table 7).  Furthermore, prospects in the Morell Lake and 
Foster River areas contain pyrite and/or pyrrhotite, two minerals that are minor in most 
sandstone-Pb deposits.  Some sandstone-hosted Pb deposits are low in iron, such as Laisvall, 
where pyrite comprises a very small percentage of all sulfides in the deposit. 
It should be noted that Tisdale et al. (1997), Delaney and Savage (1998) and Yeo and 
Delaney (2007) concluded that some prospects in the Morell Lake area are of the SEDEX-
type.  The best example of SEDEX-type mineralization in the Morell Lake area is the George 
Lake Northwest prospect, 4 km WNW of the George Lake deposit, which  is hosted in pyrite- 
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and pyrrhotite-bearing meta-argillites and meta-siltstones (pyrite up to 5 wt. % locally) that 
also contain graphite (Coombe, 1994).  The sulfides are dominated by arsenopyrite, which is 
intergrown with galena and sphalerite in quartz veins that intrude the country rocks.  
Arsenopyrite is also disseminated in the country rocks, but only adjacent to the quartz veins 
(Coombe, 1994).  According to Coombe, the George Lake Northwest prospect is one of only 
two locations in the Wollaston domain where arsenopyrite has been reported; the other is in 
the area southwest of Pendleton Lake, near the Wathaman River, 100 km to the SW of 
George Lake.  Arsenopyrite is absent in the Foster River prospects. A comparison between 
the sulfide mineralization in the Foster River area and sandstone-hosted, SEDEX, and BHT 
deposits is given here. 
  
Foster River mineralization versus sandstone-hosted Pb and sandstone-hosted Zn deposits 
 Sandstone-hosted Pb deposits typically form in areas of long-lived tectonic 
quiescence.  For example, sandstones hosting Laisvall-type mineralization, Sweden, 
represent a transgression onto the margin of a peneplain on Precambrian continent, while 
other sandstone-Pb deposits in France and Germany formed in fault-bounded basins adjacent 
to Precambrian basement (Byørlykke and Sangster, 1981).  Previous workers assigned Foster 
River to the sandstone-hosted Pb class of deposit because of the type of host rock (quartzite) 
and the stratabound, disseminated nature of the sulfides (Karup-Møller and Brummer, 1970; 
Bjørlykke and Sangster, 1981; Coombe, 1994; Delaney and Savage, 1998; Yeo and Delaney, 
2007).  Coombe (1994), in particular, draws comparisons between Foster River and Laisvall, 
the largest sandstone-Pb district in the world (120 Mt @ 4% Pb+Zn; Kendrick et al., 2005).  
Laisvall is an Ordovician-aged Pb-Zn deposit hosted by arenaceous Neoproterozoic to 
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Cambrian sandstones that have undergone little metamorphism and contain well-preserved 
sedimentary structures, which is locally seen involving sulfides (Rickard et al., 1979; 
Kendrick et al., 2005).  Galena is by far the dominant sulfide, followed by sphalerite, and 
both are present either as impregnations or cement in the sandstones.  There are two 
stratabound horizons at Laisvall: the lower, Pb-rich Kautsky ore, and the higher, Zn-rich 
Nadok ore (Rickard et al., 1981).  Calcite, fluorite, and barite are accessory minerals in both 
ore zones.  Sandstones that host the Laisvall deposit are part of a larger sedimentary sequence 
termed the “Laisvall group,” which includes arkosic sandstone, shale, tillite, siltstone, 
sandstone, limestone, and minor phosphorite. 
 Foster River and Laisvall clearly share similarities in host lithology and 
mineralization style, but the most obvious difference between them relates to their base metal 
content.  Sandstone-hosted Pb deposits are Pb-dominant and low in iron.  However, sulfide 
mineralization at Foster River is Pb-poor, Zn-rich and contains a high proportion of iron 
sulfides.  Although erratics found in the Foster River area locally contain high amounts of 
galena they also have a high Zn:Pb ratio.  In the case of Laisvall, pyrite is only found in the 
Alum shale, which occurs stratigraphically above the ore horizon.  At the Vassbo sandstone-
Pb deposit, Sweden, pyrite is present in the deposit, but it is less widespread than either 
galena or sphalerite (Christofferson et al., 1979). It should also be noted that sandstone-
hosted Pb deposits, in general, show a higher Zn:Pb ratio at the stratigraphic top of the 
deposit relative to the bottom (Bjørlykke and Sangster, 1981; Coombe, 1994, Kendrick et al., 
2005). Neither the Zn-Pb showings at Foster River nor those at Morell Lake show such a 
zonation.  
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 The high Zn:Pb ratio of mineralization at Foster River may suggest that it is the 
metamorphosed equivalent of a “sandstone-hosted Zn” deposit that was described by Kyle 
and Li (2002).  The Jinding deposit, which is the world’s largest-known sandstone-Zn 
deposit (220 Mt @ 7% Zn+Pb, 5.8 g/t Ag, and 0.08% Cd, plus 0.6 Mt celestite), is an 
unmetamorphosed deposit hosted primarily in fine-grained sandstones (60% of the ore 
sequence), with lesser amounts of brecciated carbonates and carbonate fragment-bearing 
sandstones. These rocks are part of a Paleocene alluvial fan that formed rapidly along the 
faulted margin of a lacustrine basin.  Kyle and Li (2002) speculated that base metal-enriched 
basinal brines were expelled from buried strata and migrated along growth faults up and into 
the favorable sandstone-carbonate host.  However, this stratigraphic and tectonic setting is 
unlike that of the Foster River area.  Moreover, precursors to the exhalative rocks identified 
in the Foster River area (iron formation, quartz garnetite, quartz-gahnite rocks) are not 
known in or spatially associated with sandstone-hosted Pb or Zn deposits.  
 
Foster River mineralization versus Broken Hill-type deposits 
 Broken Hill-type deposits were considered as a separate class of Pb-Zn-Ag deposit by 
Beeson (1989), Parr and Plimer (1993), Walters (1996, 1998), and Spry et al. (2009), and as a 
sub-type of sediment-hosted Pb-Zn deposits by Leach et al. (2005).  They include the Broken 
Hill Pb-Zn-Ag deposit, Australia (Beeson, 1990; Parr and Plimer, 1993), the Aggeneys-
Gamsberg district, South Africa (Black Mountain, Broken Hill, Broken Hill Deeps, Big 
Syncline, and Gamsberg; Rozendaal and Stumpfl, 1984, McClung et al., 2007), the Pinnacles 
Pb-Zn-Ag deposit, Australia (Parr 1992, Parr et al., 2004), and Zinkgruvan (Sweden; 
Hedstrom et al., 1989). A typical Broken Hill-type deposit is Paleoproterozoic to 
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Mesoproterozoic in age, hosted in quartzofeldspathic metasediments, and spatially associated 
with bimodal volcanic and exhalative lithologies rich in Fe, Mn, Si, B, and Ca (e.g., 
garnetite, quartz garnetite, blue quartz-gahnite-garnet rock, tourmalinite, BIF, amphibolites; 
Slack et al., 1993; Walters, 1996; Leach et al., 2005).  Some of these meta-exhalites display 
coarse-grained, skarn-like textures, particularly those rich in Mn, Fe, and Ca, like garnetite 
and rhodonite or bustamite-rich rock. 
 Foster River shares some similarities with Broken Hill-type characteristics, including 
age (Paleoproterozoic), a quartzofeldspathic host unit, and spatial proximity to quartz 
garnetite, spotted garnet-bearing schists, gahnite-bearing quartzite, and banded iron 
formation, but these similarities are outweighed by differences in deposit stratigraphy, redox 
setting, and metal content.  Volcanic rocks are found at the stratigraphic top of the Wollaston 
Group, far above the sequence of metasedimentary rocks that host the sulfide mineralization 
in the Foster River area, whereas bimodal volcanic rocks (e.g., amphibolites, rhyodacites) are 
common in the footwall of most Broken Hill-type deposits.  Spherulitic graphite is locally 
abundant phase in sulfide-bearing quartzites at Foster River, where it is intergrown with 
sulfides.  However, graphite is generally absent or minor in most Broken Hill-type deposits, 
although it is a constituent of the Gamsberg deposit (Rozendaal and Stumpfl, 2004).  Most 
Broken Hill-type districts are also orders of magnitude more enriched in Ag than any other 
type of sediment-hosted massive sulfide deposit (average 190 g/t for the entire class).  
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Foster River mineralization versus SEDEX-type deposits 
 SEDEX Zn-Pb deposits are those deposits that contain laminated Zn-Pb sulfides 
(sphalerite and galena) parallel to bedding in fine-grained clastic or carbonate rocks 
(±organics), regardless of association with “exhalatives,” i.e., chemical precipitates (Leach et 
al., 2005; Lyons et al., 2006).  There are major two types of SEDEX deposits, which are 
defined broadly by age and tectonic setting.  Phanerozoic SEDEX deposits are found in rifted 
continental margin settings (e.g., continental rise), where slow sedimentation rates operating 
over a 106-107 year time window produce a 1-5 km-thick pile, while Proterozoic SEDEX 
deposits are almost exclusively rift-related, having formed in the sag and rift phases.  The 
rift-phase SEDEX deposits are hosted by coarse conglomeratic and fine-grained turbiditic 
sediments faulted by the synchronous opening of the basin (e.g., Sullivan).  By contrast, sag-
phase SEDEX deposits are hosted in fine-grained, shallow-water quartzites and carbonates 
that formed post-rifting (e.g., northern Australia). Almost all SEDEX deposits are Zn-rich 
relative to Pb, and some of them contain graphite proximal to the sulfides (e.g., Rampura-
Agucha; Deb, 2004).  Foster River exhibits most of these characteristics, such as an organic-
rich, coarse clastic host rock, Zn dominance over Pb, a spatial association to meta-exhalites 
and possible alteration zones, and a Proterozoic age.  They also generally contain silver 
contents much lower than those associated with Broken Hill-type deposits. 
 An additional feature of SEDEX deposits, especially Proterozoic deposits, is the 
heavy δ34S values in sulfides covering a wide range (≥10‰) that are often more enriched 
than δ34S in coeval seawater sulfate.  Lyons et al. (2006), for example, attributed this 
characteristic to low amounts of sulfate in the Proterozoic ocean due to an oxygen-deficient 
atmosphere, which promotes deposition of sulfide-rich sequences (i.e., pyrite) and minimal 
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fractionation between parent sulfate and sulfide.  The Paleoproterozoic Langshan Pb-Zn 
district in Inner Mongolia, China, contains three major deposits (Dongshenmiao, Tanyaokou, 
and Jiashengpan) with Pb-Pb ages of 2.07-1.95, 2.07-1.92, and 1.72-1.30 Ga, respectively 
(Ding and Jiang, 2000).  The Dongshenmiao and Tanyaokou deposits are hosted in dolomite, 
dolomitic limestone, and limestone, and to a lesser extent carbonaceous silty slate, and 
contain pyrite, pyrrhotite, sphalerite, galena, gypsum and barite, The δ34Ssulfide values in both 
deposits (Dongshenmiao: 21.7-35.8‰, n = 12; Tanyaokou: 29.1-38.5‰, n = 20) are almost 
exactly the same as the coeval δ34Ssulfate values, indicating that the sulfate and sulfide 
minerals formed from the same fluid (i.e., Paleoproterozoic seawater; Ding and Jiang, 2000).  
Like these deposits, sulfides in the Foster River area also have very positive δ34Ssulfide values 
and likely formed from Proterozoic seawater sulfate via bacterial sulfate reduction.  Although 
the Gamsberg Pb-Zn deposit also exhibits heavy values of δ34Ssulfide = 29.9 ±1 per mil 
(McClung et al., 2007), there is some debate whether the Gamsberg deposit is a Broken Hill-
type deposit or a metamorphosed SEDEX deposit (Leach et al., 2005; Spry et al., 2009).  
 
Genetic Model for Mineralization  
 The host rocks to sulfide mineralization in the Foster River area formed between 1.92 
and 1.88 Ga, which is within the inferred 40 m.y. interval of time when tectonic activity 
increased along the Hearne margin (Tran, 2001; Tran et al., 2008).  As the outboard volcanic 
arcs advanced toward this margin, the depocenter of the Wollaston Group underwent a rapid 
fundamental change, from a passive-margin basin with minimal volcanic input, to a back-arc 
basin receiving increasing amounts of volcanic material as the arcs got closer to the margin.  
   52
Potter (1980), Coombe (1994) Tran (2001) Yeo and Delaney (2007) interpreted the 
Wollaston Group as a metasedimentary complex with minor volcanic lithologies.  However, 
the middle Wollaston Group in the vicinity of the Foster River area is devoid of volcanic or 
volcaniclastic rocks, or are yet to be recognized in the polydeformed terrane.  A Pb-Pb 
isotopic study of galena from the George Lake deposit by Cumming et al. (1970) suggested 
that the source of the metals for that deposit is the basement Archean granitoid gneiss.  A 
similar scenario can be invoked for the Foster River showings, although no radiogenic 
studies have been done in the area.   
First generation (F1) folds were controlled by block faults in the Hearne basement and 
indicate that early structures likely served as channel ways of hydrothermal fluids onto the 
seafloor of linear, rifted sub-basins (Delaney et al., 1997).  At the local scale, these early 
structures were responsible for allowing sub-seafloor alteration (precursors to garnet-rich 
psammite and quartz garnetite) and other zones of hydrothermal activity (iron formation) to 
form below the sulfide mineralization.  The nodular sillimanite rocks are zones of 
stratabound hydrothermal alteration that are spatially associated with sulfide deposition. 
Therefore, the hydrothermal vent is proximal to sulfide mineralization even though 
synsedimentary fault zones, fault-scarp breccias, and debris flows, which are common in vent 
zones (Goodfellow and Lydon, 2007), appear to be absent in the Foster River area. The 
spatial association of graphite-bearing pelitic schists (the precursors of which were 
carbonaceous shales), to mineralization shows that it was deposited in a reduced 
environment.  The high δ34S values of sulfides resulted from microbial reduction of partially 
reduced seawater sulfate in a restricted basin. No mafic intrusive rocks have been identified 
in the metasedimentary sequence of the Wollaston Group and so there is no obvious heat 
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engine to drive the hydrothermal cell that penetrated the basement rocks along deep fractures. 
Instead, it is likely that convection of basinal brines and marine water was generated by the 
heat associated with basin rifting, in a manner described by Large et al. (2005).  
Metamorphism of the ore-forming sequence and host rocks to upper amphibolite-lower 
granulite facies metamorphism during the Trans-Hudson Orogeny, resulted in localized 
coarsening of sulfides and the development of cordierite, garnet, gahnite, sillimanite, and 
trace tourmaline in and adjacent to ore.     
Exploration guides to ore clearly center on rocks that have a hydrothermal component 
to them (e.g., gahnite-bearing quartzite, nodular sillimanite rocks, quartz garnetite, iron 
formation, garnet-rich psammite, and possibly porphyroblastic magnetite-bearing sillimanite 
gneiss). On the regional scale, iron formations, which are key marker horizons that occur 
stratigraphically just below the sulfide-bearing quartzites, help delineate regional structures 
and possible proximity to sulfides.   
 
Conclusions 
 Chondrite-normalized rare earth element patterns of quartz garnetite and silicate 
facies iron formation in the Foster River area are light REE enriched, heavy REE depleted, 
and show negative Eu anomalies and no, or slightly positive, Ce anomalies, which are 
consistent with their formation from a hydrothermal fluid at <250°C, under relatively 
oxidizing conditions. The CHARAC behavior of some the iron formation samples, as 
well as plots of Fe/Ti versus Al/(Al+Mn+Fe), a ternary plot in terms of Al, Fe, and Mn, and 
low Co+Cu+Ni contents, suggest mixed detrital-hydrothermal component to the source rocks 
of iron formation and quartz garnetite, with iron formation possessing a higher hydrothermal 
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component. The hydrogenetic component is low for the precursors of both rock types. 
Nodular sillimanite rocks are considered to be zones of stratabound hydrothermal 
alteration, which formed after the deposition of sulfidic quartzite in the Foster River, since 
they occur stratigraphically along strike or above the mineralization. These rocks, as well as 
the quartz garnetite, gahnite-bearing rocks and iron formation, are considered to be excellent 
guides for further sulfide mineralization in highly metamorphosed parts of the Wollaston 
Group. Nodular sillimanite rocks are compositionally indistinguishable from sillimanite 
gneisses that are spatially associated with sulfides, since they exhibit almost identical 
chondrite-normalized REE patterns and major element compositions. These patterns are light 
REE enriched, heavy REE depleted and show negative Eu anomalies and no or slightly 
positive Ce anomalies. The negative Eu anomaly of nodular sillimanite rock is due to the 
high detrital content of the rock (i.e. high detrital:hydrothermal ratio). However, it should be 
noted that nodular sillimanite rocks contain trace of gahnite, base metal sulfides, and 
magnetite that reinforce the concept that they are zones metamorphosed stratabound 
hydrothermal alteration zones.  
Sulfide mineralization in the Foster River area superficially resembles that in the 
Morell Lake area, 200 km to the NW of Foster River, although the latter occurs in rocks 
subject to lower metamorphic grades (greenschist to amphibolite), at a lower stratigraphic 
interval in the Wollaston Group, and that are not spatially associated with meta-exhalites and 
zones of stratabound hydrothermal alteration. The presence of meta-exhalites and the 
elevated Mn content of garnet in the sulfidic quartzite suggest linkages to Broken Hill-type 
mineralization. However, we view the sulfide mineralization at Foster River to be SEDEX 
mineralization with Broken Hill-type affinities similar to that described for the Gamsberg Zn 
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(South Africa) and the Sullivan Pb-Zn (Canada) deposits. They are not Broken Hill-type 
deposits due to the absence of volcanic rocks in the stratigraphic sequence, the low 
Ag/(Pb+Zn) and high Zn:Pb ratios, the general absence of minerals in the assemblage Mn-
Fe-Ca-F, the presence of graphite in the ore and adjacent schists, and the very high sulfur 
isotope ratios. However, it should be noted that sulfide mineralization in the Foster River 
area differs from most SEDEX systems in that the ore is disseminated, rather than stratiform. 
The very high sulfur isotope values of sulfides in the Foster River area are due to the 
microbial reduction of partially reduced seawater sulfate in a restricted basin.  
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Figure Captions 
Figure 1. General geological map of northern Saskatchewan, displaying the locations of the 
Foster River and Morell Lake areas (modified after Tuba, 2007). 
 
Figure 2. Local geologic map of the Foster River area showing the location of the 1) Fable 
Lake, 2) George, 3) Sito Southwest, 4) Sito South, 5) Sito West, 6) Sito East, 7) Robyn Lake, 
and  8) Mackie Lake prospects (after Lewis, 2008).  
 
Figure 3. Stratigraphy of the Wollaston Group in the Foster River area (after Coombe, 1994) 
and elsewhere in the Wollaston Domain (after Tran, 2001; Yeo and Delaney, 2007). Note the 
consistency of stratigraphic relationships over most of the Wollaston domain, and the 
presence of volcanic rocks in the northeastern part of the Wollaston Group only.  
 
Figure 4. Photomicrographs of various rocks from the Foster River area. All mineral 
abbreviations are after Kretz (1983), except for gahnite, which is given here as Gah. 
a. Magnetite (Mt) intergrown with ferrosilite (Fs), garnet (Grt) and quartz (Qtz) in iron 
formation north of Sito Lake (sample JSSN 011; transmitted, plane-polarized light). b. 
Garnet-poor, ferrosilite-magnetite-, quartz-, and plagioclase (Pl)-bearing iron formation north 
of Sito Lake (sample JSSN 003; transmitted, cross-polarized light). c. Coexisting pyrrhotite 
(Po), magnetite (Mt), and graphite (Gr) in sulfide-bearing quartzite from Fable Lake (FRFL 
54; reflected, plane-polarized light). d. Cordierite (Crd) porphyroblast with inclusions of 
fibrous sillimanite (Sil), gahnite (Gah) and graphite (Gr) in a graphitic cordierite-bearing 
meta-arkose from Fable Lake (sample FRSL 10218; transmitted, plane-polarized light). e. 
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Gahnite (Gah) with inclusions of graphite (Gr), needles of fine sillimanite (Sil), and biotite 
(Bt) surrounded by cordierite (Crd) in a cordierite-bearing meta-arkose from Fable Lake 
(sample FRSL 10218; transmitted, plane-polarized light). f. Inclusions of sphalerite (Sp), 
pyrrhotite (Po), and pyrite (Py) in gahnite (Gah) in sulfide-bearing quartzite from Sito East 
(sample FRSL 10193; reflected, plane-polarized light). The gahnite component (~ 65 mole % 
gahnite) of the zincian spinel is the result of the buffering capacity of fS2 members of the 
system Zn-Fe-S (sphalerite, pyrrhotite, and pyrite) in equilibrium with gahnite (Spry and 
Scott, 1986). 
 
Figure 5. Ternary plot of spinel compositions from the Foster River area (n = 232). Gahnite 
associated with sphalerite is more enriched in Zn (light green circles) in comparison to those 
grains in sillimanite gneiss that are not spatially associated or in contact with sulfides (blue 
circles; modified after Heimann et al., 2005; 1 = marbles; 2 = metamorphosed massive 
sulfide deposits and S-poor rocks in Mg- Ca-Al alteration zones; 3 = metamorphosed 
massive sulfide deposits in Fe-Al metasedimentary and metavolcanic rocks; 4 = meta-
bauxites; 5 = granitic pegmatites; 6 = unaltered and hydrothermally altered Fe-Al 
metavolcanic and metasedimentary rocks; 7 = aluminous granulites). 
 
Figure 6. Ternary plot of garnet compositions from the Foster River area (n = 448). Garnet in 
the silicate-facies iron formation, nodular sillimanite rock and quartz garnetite is enriched in 
the almandine component whereas that in sulfide-bearing quartzite is considerable more 
enriched in the spessartine component. Alm = almandine, And = andradite, Grs = grossular, 
Spess = spessartine. 
   73
 
Figure 7. Photomicrographs of sulfides and photographs of hand samples from the Foster 
River area. a. Intergrowth of sphalerite (Sp) and pyrite (Py) in quartz (Qtz) is sulfidic 
quartzite from Sito East (sample FRSL 10194). b. Intergrowth of sphalerite (Sp), galena 
(Gn), and pyrite (Py) in quartz (Qtz) in sulfidic quartzite from Sito East (sample FRSL 
10194). c. Disseminated to massive pyrrhotite with inclusions of graphite and tiny grains of 
chalcopyrite (not indicated) in sulfidic quartzite from Fable Lake sample (FRSL 10177). d. 
Sample of nodular sillimanite rock from Sito East. The sillimanite nodules (Sil) are pinkish-
red in color due to the presence of inclusions of hematite. e. Gahnite-bearing quartzite that 
was taken from a trench at Sito East. f. Magnetite-bearing sillimanite gneiss from Sito East 
(sample FRSL 10244). Magnetite is both disseminated and porphyroblastic. The light-
colored rims surrounding the porphyroblasts contain quartz, k-feldspar, and sillimanite. This 
unit is stratigraphically below the sulfidic quartzite and may constitute part of a hydrothermal 
alteration zone.  A similar rock was identified by Tran and Yeo (1997) in the western 
Wollaston domain, as well as by Yeo and Delaney (2007), north of the Foster River area, and 
serves as a possible exploration guide to sulfide mineralization. Mineral abbreviations are 
after Kretz (1983). 
 
Figure 8. Composition of pyroxene (n = 127) from the silicate-facies iron formation and 
calc-silicate rocks (Fable Lake). The dominant pyroxene in iron formation is ferrosilite but 
some of the orthopyroxenes also contain appreciable amounts of the enstatite component. 
Clinopyroxene (augite to hedenbergite), is also present in some samples depending upon the 
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amount of Fe in the lattice. The calc-silicate rocks at Fable Lake are enriched in Ca and Mg, 
which is reflected by the presence of diopside.  
 
Figure 9. Composition of amphiboles (n = 50) from in silicate-facies iron formation and 
calc-silicate rocks (Fable Lake). Amphibole in iron formation varies widely in 
composition, but the majority fall in the ferro/tschermakitic hornblende fields (brown 
circles), whereas amphibole in calc-silicate rocks at Fable Lake is tremolite (purple circles). 
Act = actinolite, Hbl = hornblende, Tr = tremolite, Tsch = tschermakite, TSi = total silicon. 
 
Figure 10. A plot of Na2O/K2O (weight %) versus SiO2/Al2O3 (weight %) of sillimanite 
gneiss, nodular sillimanite rocks, and metasedimentary rocks in the so-called  “pelitic unit” 
of Coombe (1994) adjacent to the Foster River base metal occurrences.  The precursors to 
pelitic unit consist primarily of graywacke and lithic arenite, with lesser amounts of shale.  
Samples of sillimanite gneiss and nodular sillimanite rock overlap and would plot in the 
average shale field if the fields for average shale, arkose, subarkose, and arenite are 
extrapolated to values of  Na2O/K2O < 0.1 (modified after Pettijohn et al., 1963). 
 
Figure 11. Al-Fe-Mn (mol %) diagram, showing the compositions of silicate-facies iron 
formation, nodular sillimanite gneiss, and quartz garnetite from Foster River. Also shown are 
fields for hydrothermal and non-hydrothermal sediments, plus the field for modern chemical 
precipitates and metalliferous sediments (after Böstrom and Peterson, 1969). 1 Marchig et 
al. (1982); 2 Böstrom (1973); 3 Hein et al. (2005); 4 Cronan and Hodkinson (1997). EPR = 
East Pacific Rise, hyd = hydrothermal, met = metalliferous, seds = sediments. 
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Figure 12. Fe-Mn-[(Co+Ni+Cu)x10] diagram, showing the high iron and low manganese 
content of silicate-facies iron formation and quartz garnetite from Foster River, along with 
fields for hydrothermal, diagenetic, and hydrogenous sediments (Mn nodules; after Bonatti et 
al., 1972; Slack et al., 2009) and hydrothermal sediments from the Lau Basin (1Cronan and 
Hodkinson, 1997). 
 
Figure 13. Al/(Al+Fe+Mn) vs. Fe/Ti diagram, showing bulk compositions of silicate-facies 
iron formation, nodular sillimanite rock, quartz garnetite, sillimanite gneiss, and metapelites 
from Foster River (after Böstrom, 1973). Curve represents the mixing line between 
average continental crust and active mid-ocean ridge hydrothermal sediments (i.e., end 
member hydrothermal fluid). Compositional fields for oxide-facies BIF (Banded Iron 
Formation), garnet-rich rocks in the SCP (southern Curnamona Province), and BH (Broken 
Hill) quartz garnetite are from Heimann et al. (2009). Data are from the following sources:          
1 Marchig et al. (1982); 2 Böstrom (1973); 3 Cronan and Hodgkinson (1997); 4 Cronan 
(1969). PO = Pacific Ocean, ARS = active ridge sediment, IF = iron formation. Tick marks 
and numbers along the mixing line represent approximate mixing proportions in percent. 
 
Figure 14. Chondrite-normalized rare earth element-yttrium (REEY) patterns of a. Silicate 
facies iron formation; b. Nodular sillimanite rock. c. Quartz garnetite. d. Sillimanite 
Gneiss. e. Metamorphosed graywacke, lithic arenite, and shale from the “pelitic unit” of the 
basal Wollaston Group (stratigraphically below the sulfidic quartzite). Normalizing values 
are from McDonough and Sun (1995). 
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Figure 15. Chondrite-normalized Eu/Eu* vs. Ce/Ce* plot. Note that sample FRSL 10238 has 
a positive Eu anomaly while the other samples lack such an anomaly. Ce anomalies for 
the Foster River meta-exhalatives are neutral to positive, consistent with an alkaline, shallow 
water/ restricted environment, which existed in sub-basins along the eastern margin of the 
Hearne Province during deposition of most of the Wollaston Group. 
 
Figure 16. Histogram of sulfur isotope values of sulfides in the Foster River area (n = 20). 
Sulfides sampled included pyrite, pyrrhotite, and sphalerite. The most enriched value 
measured (δ34S = 38.1‰) was from pyrrhotite at the Fable Lake showing (sample FRFL 
10102).  
 
Figure 17. Cr:Ni ratios in nodular sillimanite rock and sillimanite gneiss from the 
Foster River area (after Willner et al., 1990). For comparison, fields from Willner et al.’s 
study on peraluminous rocks from the Namaqualand metamorphic complex is also shown. 
Nodular sillimanite rock and sillimanite gneiss both plot in and around the metasedimentary 
rock field, suggesting that hydrothermal alteration of the nodular sillimanite rocks was not 
major. Abbreviations (all from Willner et al., 1990): BSG = Biotite-sillimanite gneiss; SCR = 
sillimanite-corundum rock; SR = Sillimanite rock; G = Granite; B = Basalt; SS = Sandstone; 
S = Shale; MP = Metapelite; SQ = Sillimanite quartzite; T = Topazite. 
 
Figure 18. Y/Ho vs. Zr/Hf (after Bau, 1996; Heimann et al., 2009), illustrating CHARAC 
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behavior of a. silicate facies iron formation, nodular sillimanite rock, and quartz garnetite in 
comparison to those of Fe-Mn hydrogenetic crusts, hydrothermal vein fluorite (2 ≤ Zr/Hf ≤ 
5) and seawater. b. Enlarged view a. Most samples plot within the CHARAC field, but some 
of the samples of iron formation have Y/Ho ratios slightly higher than the CHARAC box (up 
to 34.7 in JSGO-002). This suggests that these samples received higher amounts of 
hydrothermal detritus than the other samples of iron formation and all of the quartz garnetites 
and sillimanite gneisses. 
 
Figure 19. Pr/Pr* vs. Ce/Ce* (after Bau and Dulski, 1996), illustrating which meta-exhalites 
and altered lithologies associated with the sulfide mineralization at Foster River have positive 
Ce anomalies. Recent seawater, ancient and recent marine metalliferous sediments, and some 
high-temperature hydrothermal fluids at mid-ocean ridges are enriched in La, which can 
affect the apparent abundance (and thus the anomalous behavior on normalized REE 
diagrams) of Ce.  
 
Figure 20. The sulfur isotope composition of seawater sulfate through geologic time (after 
Claypool et al., 1980; McClung et al., 2007). Values of δ34S of sulfides from Foster River are 
displayed, as well as δ34S compositions of sulfides from several SEDEX and BHT 
districts for comparison. Although data are limited for periods older than 1.5 Ga, some 
researchers have interpreted sulfate records from older terranes as representative of 
contemporaneous seawater sulfate (e.g., Strauss, 1993). 1 Rickard et al. (1979); 2 Rickard et 
al. (1981); 3 McClung et al. (2007); 4 Campbell et al. (1980); 5 Spry (1987); 6 Vaughan and 
Stanton (1986); 7 Lyons et al., 2006; 8 this study; 9 Ding and Jiang (2000).
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Sillimanite gneiss, Foster R.
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TABLE 1. Geological Characteristics of Foster River Zn-Pb Occurrences1
Site Rock types Sulfide mineralization Associated minerals
Sito East Q, QG, NSG, SG, 
MSG
Sp, py, po, gn, ccp Gah, grt, sil, mag, crd (pinite)
Sito West Q, QG, NSG, SG, IF Sp, py, po, gn, ccp Gah, mag
Fable Lake GQ, CSG, M, SG, 
QG, IF
Sp, py, po, gn, ccp Grt, gr, crd, sil, amp, aug, mag, tur
George Q, NSG, IF Sp, py Gah, gr
Robyn Lake Q, QG, IF Py, sp Gah
Sito Southwest AP Sp, py, po Fsp, qtz
Mackie Lake Q, IF Sp
Sito South (Jay Lake) AP Sp, po Fsp, qtz
Abbreviations: SQ = Sulfidic quartzite, QG = Quartz garnetite, NSG = Nodular sillimanite gneiss, SG = Sillimanite 
gneiss, MSG = Magnetite- porphyroblastic sillimanite gneiss, IF = Iron formation, GQ = Graphitic quartzite,  
CSG = Calc-silicate gneiss, M = Marble, AP = Amazonite-bearing pegmatite 
1Notes: All mineral abbreviations after Kretz (1983); minerals listed in order of abundance
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TABLE 2. Mineralogy of Rock Types in the Ore Zone, Foster River
Unit Dominant minerology Minor and trace minerals
Sulfidic quartzite Qtz, kfs, bt, chl, ser Gah, sil, gr, Mn garnet, mag, tur
Nodular sillimanite gneiss Qtz, kfs, sil, bt, grt Mag, po, ccp
Quartz garnetite Qtz, kfs, grt, bt, chl Zr, ilm, py, mar, po
Iron formation Grt, pyx (fs, aug, hd), amp  
(hbl, cum, act), pl, mag, qtz, bt
Gr, ilm, po, ccp, tur, ap, zr, scl
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TABLE 3. Deformation History of the Foster River area  
(after Coombe, 1994; Anderson, 2006; Yeo and Delaney, 2007; Lewis, 2008)
Regional event  
(local event)
Deformation Foliation
D1 (D1) F1: rare, rootles isoclinal 
folds; present at Sito East 
and Sito West
S0/S1: defined by bt, crd, sil, di, gr, and hbl
D2 (D2) F2: NE-plunging isoclinal 
folds; the dominant struc-
tural features at Foster 
River
Penetrative S2 schistosity; includes flattening and rotation of 
sillimanite faserkeisel in nodular sillimanite gneiss
D4 (D3) F3: open to closed, steeply 
plunging/upright, meso-
macroscopic folds; can 
be doubly plunging on 
large scale; coaxial and 
mushroom-shaped fold 
interference patterns  
(F2/F3 folds superimposed 
on F1 folds); locally pre-
served at Sito East, Sito 
West, and Fable Lake
D5 (post-D3) Two sets of post-D3 faults 
(conjugate); no observable 
displacement
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TABLE 4. Location and Mineralogy of Iron Formation, Quartz Garnetite, and Nodular Sillimanite Rock  
Analyzed for Lithogeochemical Studies1
Sample2 Lithology Location3 Minerology Accessory and trace minerals
FRSL 10171 Iron formation Fable Lake Di, grt, bt, amp, gr, pl Ap, py, ccp, zr
FRSL 10219 Iron formation George Fs, grt, qtz, amp Bt, ilm
FRSL 10220 Iron formation Sito South Grt, qtz, fs, amp, qtz Po
FRSL 10250 Iron formation Sito Lake Fs, grt, qtz, act, bt Gr, ap, ilm, po, ccp
JSSN-002 Iron formation Sito Lake Fs, grt, qtz, amp, mt Ap, pl
JSSN-003 Iron formation Sito Lake Fs, qtz, pl, mt, amp, bt Po, chl, ap
JSSN-004 Iron formation Sito Lake Grt, pl, qtz, bt Zr
JSSN-005 Iron formation Sito Lake Fs, grt, amp, qtz, aug/hd, bt Chl, po, mt, ap
JSSN-006 Iron formation Sito Lake Fs, grt, qtz, amp, mt Hem, ilm, ap
JSSN-007 Iron formation Sito Lake Grt, fs, qtz, amp Bt, ilm, ap, po, hem
JSSN 008 Iron formation Sito Lake Pl, grt, fs, qtz, amp Hem, ilm, py
JSSN-009 Iron formation Sito Lake Amp, qtz, grt, fs, pl Ilm, gr, bt, ap
JSSN-010 Iron formation Sito Lake Amp, qtz, fs, grt, pl, mt Bt, ms, ksp
JSSN-011 Iron formation Sito Lake Fs, grt, qtz, mt, amp, pl Po, ap
JSGO-001 Iron formation George Fs, grt, amp, qtz Ilm, gr, ap
JSGO-002 Iron formation George Fs, grt, amp, qtz, mt, hem Po, gr
JSGO-004 Iron formation George Fs, qtz, grt, amp, mt, hem Gr, ap
JSRL-002 Iron formation Robyn Lake Grt, cum, bt, qtz Tur
JSRL-003 Iron formation Robyn Lake Fs, grt, qtz, amp, bt Pl, chl, ilm, tur, po
JSJL-003 Iron formation Jess Lake Grt, fs, qtz, amp, bt Chl, ilm, po, py, hem, ru
JSJL-004 Iron formation Jess Lake Fs, grt, qtz, bt, mt Amp, ilm, hem, po
JSSW-001 Quartz Garnetite Sito West Qtz, grt, ksp, bt Zr
JSSW-018 Quartz Garnetite Sito West Qtz, grt, bt, ksp Zr
JSRL-005 Quartz Garnetite Robyn Lake Qtz, grt, bt, ksp Zr
FRSL 10130 Sill. Pod Rock Sito East Qtz, ksp, sil, bt, ms, chl Ru, hem, py
FRSL 10210 Sill. Pod Rock Sito East Qtz, ksp, sil, grt, bt, chl
FRSL 10216 Sill. Pod Rock George Ksp, qtz, sil, bt Grt, mt
FRSL 10237 Sill. Pod Rock Sito West Qtz, ksp, sil, bt
FRSL 10240 Sill. Pod Rock Sito West Qtz, sil, ksp, grt, bt
1All mineral abbreviations after Kretz (1983); amp = amphibole; 2Whole rock major and REE analysis;  
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TABLE 6. Representative Electron Microprobe Compositions  

























SiO2 --- --- --- 37.19 36.91 37.72 41.55 56.94
TiO2 --- --- --- 0.02 0.00 0.07 1.27 0.03
Al2O3 55.69 57.36 57.01 21.91 20.69 21.41 11.06 0.72
FeO 9.46 18.42 10.98 32.18 24.32 8.21 26.06 2.76
MnO 0.62 0.17 0.42 3.16 12.35 22.69 0.10 0.66
ZnO 31.36 19.10 28.44 --- --- --- 0.01 0.11
MgO 2.61 3.93 3.26 4.41 3.92 3.60 5.28 22.49
CaO --- --- --- 0.95 1.82 6.36 11.50 13.91
K2O --- --- --- --- --- --- 0.93 0.04
F --- --- --- --- --- --- 0.08 0.41
Cl --- --- --- --- --- --- 0.01 0.00
Total 99.74 98.98 100.10 99.82 100.01 100.05 97.85 98.07
Number of atoms in formulae (oxygen basis 32) (oxygen basis 
24)
(oxygen basis 12) (oxygen basis 23)
Si --- --- --- 5.94 2.97 2.98 6.77 8.00
Ti --- --- --- 0.00 0.00 0.00 0.16 0.00
Al 15.65 15.79 15.78 4.12 1.96 2.00 2.13 0.32
Fe 1.89 3.60 2.16 4.30 1.64 0.54 3.55 0.33
Mn 0.13 0.03 0.08 0.43 0.84 1.52 0.01 0.08
Zn 5.52 3.29 4.93 --- --- --- 0.00 0.01
Mg 0.93 1.37 1.14 1.05 0.47 0.42 1.28 4.83
Ca --- --- --- 0.16 0.16 0.54 2.01 2.15
K --- --- --- --- --- --- 0.19 0.01
F --- --- --- --- --- --- 0.04 0.18
Cl --- --- --- --- --- --- 0.00 0.00
Total 24.12 24.09 24.10 16.00 8.04 8.01 16.15 15.92
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TABLE 6. (Cont.)









SiO2 51.09 47.33 49.74 47.39
TiO2 0.05 0.08 0.00 0.08
Al2O3 0.46 0.50 0.25 0.49
FeO 12.80 41.57 18.68 41.98
MnO 0.93 0.88 0.35 2.38
ZnO 0.06 0.08 --- ---
MgO 13.74 8.57 7.90 7.12
CaO 17.94 0.82 23.13 0.56
K2O 0.02 --- --- ---
F 0.02 --- --- ---
Cl 0.02 --- --- ---
Total 97.12 99.84 100.05 100.00
Number of atoms in formulae (oxygen basis 24)
Si 7.97 7.84 7.83 7.89
Ti 0.01 0.01 0.00 0.01
Al 0.08 0.10 0.05 0.10
Fe 1.67 5.76 2.46 5.85
Mn 0.12 0.12 0.05 0.34
Zn 0.01 0.01 --- ---
Mg 3.19 2.12 1.85 1.77
Ca 3.00 0.15 3.90 0.10
K 0.00 --- --- ---
F 0.01 --- --- ---
Cl 0.00 --- --- ---
Total 16.06 16.10 16.13 16.05
1Sulfidic quartzite, 2cordierite-gahnite-bearing arkose, 3quartz garnetite, 4calc-silicate gneiss, 5iron formation
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TABLE 7.  Sulfur Isotope Composition of Sulfides from the Foster River Area
Sample no. Location Mineral δ34SV-CDT
FRFL 10102 Fable Lake Pyrrhotite 38.1
FRFL 10104 Fable Lake Pyrite 36.9
FRSL 10185 Sito East Pyrite 32.8
FRSL 10131 Sito East Pyrite 35.0
FRSL 10177 Fable Lake Pyrrhotite 31.8
FRSL 10182 Sito East Pyrite 33.2
FRSL 10183P Sito East Pyrite 33.7
FRSL 10183S Sito East Sphalerite 32.9
FRSL 10184 Sito East Pyrite 31.4
FRSL 10192 Sito East Pyrite 34.1
FRSL 10194P Sito East Pyrite 26.2
FRSL 10194S Sito East Sphalerite 27.6
JSRL 007 Robyn Lake Pyrite 35.0
JSSE 010 Sito East Pyrite 36.5
JSSW 002P Sito West Pyrite 34.4
JSSW 002S Sito West Sphalerite 35.1
JSSW 004 Sito West Sphalerite 33.4
JSSW 009P Sito West Pyrite 26.8
JSSW 009S Sito West Sphalerite 34.1
JSSW 032 Sito West Pyrite 32.1
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APPENDICES 
The following data tables contain major, minor, and trace element information 
obtained for whole rock samples from Foster River, as well as specific minerals within those 
rocks, including garnet, gahnite, amphibole, pyroxene, and biotite. 
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SiO2 44.74 57.18 59.82 58.60 54.10 55.06 64.54 54.61
Al2O3 10.24 7.32 8.69 11.45 7.02 9.31 12.86 7.30
Fe2O3 9.92 25.91 23.49 12.57 27.32 25.80 12.36 20.15
MgO 9.17 4.28 3.42 5.37 4.07 4.05 3.55 4.31
CaO 14.01 1.16 2.34 6.13 5.98 2.89 1.96 11.27
Na2O 0.15 0.01 0.02 0.17 0.37 2.51 1.50 0.21
K2O 2.78 0.50 0.12 1.55 0.29 0.14 1.36 0.16
TiO2 0.45 0.29 0.31 0.49 0.41 0.44 0.73 0.34
P2O5 0.48 0.10 0.12 0.42 0.18 0.19 0.16 0.25
MnO 1.36 0.98 1.42 0.92 0.45 0.28 0.14 0.61
Cr2O3 0.006 0.006 0.005 0.006 0.006 0.005 0.008 0.005
LOI 6.5 2.2 0.2 2.2 -0.3 -0.8 0.7 0.7
Ctotal 1.87 0.17 0.09 0.45 --- 0.02 0.98 0.32
Stotal 0.09 --- 0.06 0.80 0.06 --- 0.02 ---
Total 99.81 99.94 99.96 99.88 99.90 99.87 99.87 99.91
Sc 10.0 8.0 10.0 14.0 12.0 13.0 19.0 11.0
Ba 420.0 250.0 41.0 204.0 25.0 23.0 153.0 15.0
Be 2.0 2.0 --- 2.0 2.0 1.0 2.0 1.0
Co 12.1 18.8 15.4 14.1 42.9 20.1 13.7 23.2
Cs 2.9 10.2 0.9 1.9 --- --- 0.5 ---
Ga 13.1 12.9 11.1 16.5 10.7 11.3 16.9 9.2
Hf 3.6 2.1 2.1 4.2 2.1 2.4 4.9 2.6
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Nb 8.4 6.3 7.0 9.6 7.6 6.7 14.2 5.7
Rb 107.2 43.6 4.2 101.4 3.5 2.1 43.5 5.6
Sn 1.0 1.0 1.0 --- 2.0 2.0 1.0 2.0
Sr 133.3 9.0 9.9 49.6 28.2 71.2 105.3 36.8
Ta 0.6 0.4 0.5 0.7 0.4 0.3 1.0 0.3
Th 11.3 9.7 7.0 12.0 3.3 3.4 13.1 10.1
U 2.2 1.1 0.8 2.2 0.9 0.4 3.1 0.9
V 79.0 59.0 66.0 80.0 78.0 75.0 103.0 66.0
W --- 0.6 1.8 0.7 --- --- 0.6 ---
Zr 138.6 78.3 77.5 127.7 64.8 80.2 147.5 90.9
Y 25.5 10.3 15.6 39.3 28.3 26.0 15.3 53.4
La 30.30 10.70 14.90 36.50 15.60 21.40 38.30 44.70
Ce 63.40 25.80 30.90 78.10 44.20 45.90 80.80 91.60
Pr 7.16 2.40 2.60 9.36 5.70 4.99 9.31 9.33
Nd 26.30 9.90 8.70 36.20 24.40 20.00 33.80 34.60
Sm 4.24 2.65 2.47 6.95 5.12 4.21 5.22 6.42
Eu 1.06 0.76 0.69 1.09 1.65 0.96 1.05 1.27
Gd 3.97 2.78 3.12 6.50 4.96 4.36 4.15 7.12
Tb 0.64 0.41 0.53 1.06 0.80 0.79 0.60 1.37
Dy 3.30 1.92 2.80 6.14 4.24 4.51 2.90 8.18
Ho 0.74 0.35 0.55 1.24 0.91 0.92 0.55 1.60
Er 2.04 1.14 1.53 3.27 2.55 2.66 1.58 4.33
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Tm 0.29 0.18 0.25 0.48 0.39 0.38 0.25 0.58
Yb 1.77 1.15 1.66 2.73 2.53 2.38 1.72 3.53
Lu 0.26 0.19 0.27 0.40 0.36 0.34 0.29 0.46
Mo 0.3 0.9 0.6 1.3 2.5 0.5 2.0 0.5
Cu 3.1 20.3 32.8 35.1 44.4 3.5 29.5 3.1
Pb 10.1 3.3 16.7 3.1 25.3 102.2 22.7 47.1
Zn 11 15 7 22 7 8 29 8
Ni 9.7 4.1 1.2 17.3 3.5 5.6 17.9 4.1
As 1.3 --- --- --- --- --- --- 0.6
Cd --- --- --- --- --- --- --- ---
Sb --- --- --- --- --- --- --- ---
Bi --- 0.1 0.4 --- 0.2 --- --- 0.2
Ag --- --- 0.4 --- --- --- --- ---
Au 1.0 --- 0.6 --- 2.0 0.6 0.8 2.2
Hg --- --- --- --- --- --- --- ---
Tl 0.3 0.3 --- 0.2 --- --- 0.1 ---
Se --- --- 0.7 0.6 1.0 --- --- ---
(Eu/Eu*)CN 0.77 0.85 0.76 0.49 0.98 0.68 0.66 0.57
(Ce/Ce*)CN 1.06 1.25 1.17 1.05 1.18 1.09 1.06 1.09
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SiO2 54.54 60.44 48.89 59.17 52.78 57.50 42.14 45.45
Al2O3 7.69 7.94 11.21 7.22 8.46 8.59 9.95 6.05
Fe2O3 29.99 25.25 27.11 19.02 27.83 25.11 38.79 40.04
MgO 4.15 3.62 6.56 3.56 3.05 4.47 5.51 4.77
CaO 3.73 2.45 2.26 9.32 6.53 1.53 1.32 1.69
Na2O 0.18 0.07 2.00 0.20 0.60 2.41 0.02 0.02
K2O 0.18 0.03 0.14 0.09 0.12 0.07 0.64 ---
TiO2 0.36 0.31 0.67 0.30 0.37 0.49 0.44 0.26
P2O5 0.16 0.14 0.09 0.19 0.16 0.28 0.40 0.27
MnO 0.76 1.16 0.36 0.91 0.95 0.39 1.94 2.94
Cr2O3 0.005 0.005 0.008 0.004 0.006 0.007 0.004 0.004
LOI -1.9 -1.5 0.5 -0.1 -1.0 -1.0 -1.4 -1.7
Ctotal 0.03 --- 0.03 0.19 --- 0.02 0.46 0.12
Stotal 0.02 --- --- 0.03 0.03 0.05 0.03 0.05
Total 99.85 99.91 99.80 99.89 99.86 99.84 99.75 99.80
Sc 10.0 9.0 18.0 9.0 11.0 15.0 12.0 7.0
Ba 19.0 3.0 27.0 10.0 7.0 12.0 58.0 ---
Be 2.0 --- --- 2.0 --- --- 2.0 1.0
Co 26.0 31.0 32.4 18.9 26.4 28.9 27.9 17.9
Cs --- --- --- --- --- 0.2 11.1 ---
Ga 9.9 8.0 15.9 9.6 11.4 14.3 13.3 10.8
Hf 2.4 1.6 3.7 2.3 2.3 2.6 2.3 1.4
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Nb 6.5 6.2 11.0 5.9 6.3 4.8 7.2 5.3
Rb 4.0 1.5 3.0 2.4 1.5 1.0 38.6 0.2
Sn 2.0 --- 1.0 2.0 1.0 1.0 3.0 1.0
Sr 18.6 6.2 159.0 24.9 50.7 51.9 98.4 28.3
Ta 0.4 0.5 0.3 0.4 0.4 0.2 0.4 0.3
Th 6.8 1.6 13.9 14.5 6.5 9.3 7.5 5.7
U 0.8 0.7 1.0 1.3 0.6 0.7 1.7 0.8
V 63.0 54.0 91.0 57.0 76.0 100.0 79.0 50.0
W --- --- --- 0.6 --- --- 0.7 1.2
Zr 74.1 58.7 132.0 77.0 77.2 94.8 77.8 50.1
Y 21.0 20.6 21.4 44.1 25.6 46.3 30.9 18.4
La 16.90 7.00 49.40 57.70 12.50 32.50 30.40 7.20
Ce 50.50 14.50 109.30 121.00 42.00 78.00 70.60 18.20
Pr 5.80 1.76 10.56 11.84 4.41 8.45 7.59 2.28
Nd 22.70 6.50 37.40 44.00 19.30 33.10 29.50 9.50
Sm 4.24 2.44 5.51 7.47 4.15 6.20 5.51 2.41
Eu 0.95 0.47 1.35 1.28 1.03 0.94 1.09 0.59
Gd 3.79 3.46 4.78 7.32 4.02 6.06 5.47 2.76
Tb 0.62 0.60 0.75 1.23 0.68 1.13 0.89 0.48
Dy 3.36 3.20 3.96 6.73 3.79 6.92 4.70 2.49
Ho 0.69 0.63 0.80 1.36 0.78 1.58 0.99 0.53
Er 1.99 1.86 2.45 3.75 2.24 4.84 2.69 1.59
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Tm 0.27 0.27 0.40 0.52 0.32 0.75 0.36 0.26
Yb 1.85 1.77 2.59 2.99 2.07 4.50 2.37 1.63
Lu 0.29 0.26 0.41 0.41 0.30 0.64 0.34 0.24
Mo 0.9 1.2 2.2 2.1 1.2 0.5 0.8 3.2
Cu 16.8 1.7 4.1 1.4 1.5 6.4 1.7 51.0
Pb 11.7 25.0 1.9 7.5 16.1 5.3 7.7 4.4
Zn 5 3 4 4 7 11 13 3
Ni 5.6 2.8 7.5 3.2 4.8 9.7 5.7 1.9
As --- --- --- 0.7 --- --- --- 0.7
Cd --- --- --- --- --- --- --- ---
Sb --- --- --- --- --- --- --- ---
Bi --- --- --- 0.1 --- --- --- 0.2
Ag --- --- --- --- --- --- --- ---
Au 1.1 2.1 12.9 --- 0.8 3.6 --- 1.3
Hg --- --- --- --- --- --- --- ---
Tl --- --- --- --- --- --- 0.3 ---
Se --- --- --- 0.6 0.5 0.5 --- 2.2
(Eu/Eu*)CN 0.71 0.49 0.78 0.52 0.76 0.46 0.60 0.70
(Ce/Ce*)CN 1.28 1.02 1.17 1.12 1.43 1.17 1.15 1.13
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SiO2 68.18 41.43 65.00 51.10 56.31 71.17 65.44 60.08
Al2O3 8.57 16.10 6.27 9.63 8.08 15.26 18.61 22.98
Fe2O3 18.10 32.54 15.75 32.19 28.10 2.15 5.25 6.21
MgO 3.27 6.07 5.52 4.77 4.87 1.00 1.38 1.37
CaO 1.28 2.73 5.41 1.48 1.71 0.67 0.29 0.11
Na2O 0.01 0.05 0.28 0.02 0.04 0.37 0.21 0.13
K2O 0.31 1.31 0.50 0.77 0.70 6.57 3.89 3.33
TiO2 0.34 0.28 0.25 0.38 0.40 0.4 0.51 0.77
P2O5 0.20 0.16 0.18 0.18 0.19 0.06 0.05 0.07
MnO 0.30 0.20 0.32 0.67 1.01 0.04 0.07 0.21
Cr2O3 0.005 0.003 0.006 0.006 0.007 0.003 0.006 0.009
LOI -0.7 -1.1 0.4 -1.4 -1.6 2.1 4.1 4.5
Ctotal 0.12 BD 0.11 0.04 0.05 0.26 0.15 0.03
Stotal 0.04 0.03 0.04 0.02 0.04 0.06 --- ---
Total 99.87 99.77 99.88 99.79 99.82 99.79 99.81 99.77
Sc 10.0 9.0 7.0 12.0 11.0 5 11 21
Ba 26.0 148.0 43.0 155.0 177.0 1030 469 433
Be --- --- 3.0 --- --- 1 1 2
Co 14.4 18.0 10.8 22.0 28.5 3.5 7.2 10.2
Cs 1.3 5.5 0.6 4.6 4.6 1.8 1.7 6.2
Ga 11.6 15.0 8.7 12.1 13.1 21.8 28.5 37.3
Hf 2.5 3.7 1.9 2.6 2.3 17.9 9.5 7.3
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Nb 6.3 15.9 5.5 7.1 7.0 16.7 17.9 19.4
Rb 12.6 83.3 17.3 44.4 42.4 221.5 131.2 180.6
Sn --- 1.0 3.0 --- 1.0 1 --- 2
Sr 17.2 2.1 22.9 16.9 19.2 53.1 49.4 27.3
Ta 0.5 1.1 0.3 0.4 0.4 1.2 1 0.8
Th 10.1 4.7 2.7 7.1 6.5 36 37.1 38.3
U 2.0 2.0 1.0 1.1 1.2 4.4 3.8 3.2
V 61.0 29.0 46.0 72.0 76.0 37 60 95
W 0.5 2.0 --- --- --- 0.7 0.6 0.9
Zr 87.3 123.4 69.7 90.7 78.1 580.6 290.9 237.7
Y 23.5 30.6 15.9 20.4 13.9 17.4 35.3 42.8
La 27.70 9.50 15.70 19.50 22.00 51.9 72.2 104.2
Ce 61.00 20.00 39.70 44.20 49.60 122.1 151.4 222.5
Pr 6.95 2.56 5.01 4.74 5.57 12.28 17.07 24.85
Nd 26.90 11.40 20.80 18.20 21.40 43.2 62.9 87.7
Sm 4.90 5.14 3.40 3.48 3.25 6.68 9.9 13.95
Eu 0.99 0.84 0.90 0.63 0.55 0.95 1.07 1.3
Gd 4.83 6.22 3.20 3.59 2.97 4.92 7.49 9.72
Tb 0.78 1.00 0.50 0.63 0.43 0.74 1.23 1.47
Dy 3.83 4.81 2.43 3.41 2.25 3.74 6.88 7.97
Ho 0.78 0.97 0.52 0.75 0.48 0.65 1.28 1.72
Er 2.11 2.85 1.34 2.02 1.35 1.67 3.66 5.51
116

























Tm 0.27 0.47 0.19 0.31 0.21 0.26 0.62 0.98
Yb 1.74 2.96 1.23 1.86 1.36 1.7 3.96 7.24
Lu 0.26 0.43 0.17 0.27 0.20 0.28 0.63 1.12
Mo 0.9 0.8 0.5 0.9 0.9 0.5 0.6 0.4
Cu 20.3 7.3 1.7 31.1 12.8 2.8 1.4 1.3
Pb 14.8 7.7 6.3 9.9 5.7 10.4 5.5 5.2
Zn 19 39 11 13 20 14 48 110
Ni 8.1 10.4 2.8 12.6 11.4 4.9 12.8 16.2
As --- 1.0 --- --- 0.6 --- --- ---
Cd --- --- --- --- --- --- --- ---
Sb --- --- --- --- --- --- --- ---
Bi --- --- 0.1 --- 0.5 --- --- ---
Ag --- --- --- --- --- --- --- ---
Au 1.2 1.4 2.4 1.1 3.2 1.3 2 ---
Hg --- --- --- --- --- 0.02 0.02 0.01
Tl --- 0.5 --- 0.2 0.2 --- 0.4 0.7
Se 1.1 --- --- 0.8 --- --- 0.5 0.5
(Eu/Eu*)CN 0.61 0.45 0.82 0.54 0.53 0.48 0.36 0.32
(Ce/Ce*)CN 1.09 1.01 1.13 1.14 1.11 1.19 1.06 1.08
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SiO2 71.95 62.14 71.52 54.34 71.51 84.77 73.08 71.34
Al2O3 14.47 13.13 16.94 20.07 16.70 7.75 13.11 14.07
Fe2O3 4.17 16.72 1.93 12.04 2.2 1.16 3.4 4.72
MgO 0.85 2.55 0.66 2.69 0.76 0.29 0.86 1.12
CaO 0.1 0.42 0.05 0.19 0.02 0.04 0.05 0.07
Na2O 0.26 0.07 0.64 0.4 0.35 0.31 0.53 0.26
K2O 5.97 2.23 6.27 6.73 6.19 4.35 6.95 6.51
TiO2 0.36 0.53 0.58 0.78 0.55 0.1 0.44 0.4
P2O5 0.04 0.1 0.05 0.09 0.07 0.01 0.05 0.05
MnO 0.1 1.34 0.03 0.92 0.02 --- 0.1 0.18
Cr2O3 0.003 0.005 0.005 0.008 0.006 --- 0.003 0.003
LOI 1.6 0.6 1.1 1 1 1 0.8 0.9
Ctotal 0.02 0.03 0.04 --- --- --- --- 0.02
Stotal --- 0.08 --- 0.02 --- --- --- ---
Total 99.87 99.83 99.77 99.26 99.38 99.78 99.37 99.62
Sc 8 18 7 28 6 --- 7 9
Ba 536 213 1358 4139 3948 1922 4123 2621
Be 1 --- --- --- 1 1 --- ---
Co 5.7 17.9 3.8 44.3 4.6 1.7 3.4 4.3
Cs 4.4 4 2 5.1 9.3 6.7 7.6 3.2
Ga 21 21.2 26.4 26.9 24.3 8.8 15.9 18
Hf 13.4 13.2 16.6 8.3 9.3 2.8 7 13.7
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Nb 16.8 16.8 22.3 18.6 20.5 6.4 14.7 15.9
Rb 247.3 135.5 205 252 294.1 211.3 252 245.9
Ga 21 21.2 26.4 26.9 24.3 8.8 15.9 18
Hf 13.4 13.2 16.6 8.3 9.3 2.8 7 13.7
Nb 16.8 16.8 22.3 18.6 20.5 6.4 14.7 15.9
Rb 247.3 135.5 205 252 294.1 211.3 252 245.9
Sn 2 4 --- 1 3 2 1 ---
Sr 61.9 11.7 79.1 71.3 49.9 31.5 46.3 38.3
Ta 1 1.1 1.5 0.8 1.2 1.2 0.8 1.1
Th 37.4 30.7 39.5 31 33.1 2.7 21.1 29.2
U 3.6 3.3 3.6 10.5 4.5 0.6 3.2 3
V 34 62 50 89 57 13 47 36
W 1.3 --- --- --- 1.4 0.8 1.8 0.6
Zr 425.7 480.3 580.7 305.8 310.8 77.8 226.6 442.6
Y 30.5 47.2 15.1 71.2 21.5 1.6 23.7 40.6
La 51.6 64.2 59.7 79.3 69.2 7.3 47 43.5
Ce 116.3 154.2 131.6 174.2 178.5 16.6 119.5 106.3
Pr 12.51 15.36 13.93 18.03 16.3 1.27 10.96 10.27
Nd 44.3 53.6 49.7 66.6 58.3 4 38.4 33.9
Sm 7.21 9.19 7.57 10.01 9.52 0.66 6.1 5.73
Eu 0.92 0.92 1.17 2.07 1.26 0.32 0.99 0.84
Gd 5.79 7.81 5.05 8.92 6.65 0.42 4.39 4.46
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Tb 0.94 1.39 0.7 1.82 0.98 0.06 0.68 0.88
Dy 5.5 8.45 3.34 12.23 5.16 0.32 3.98 5.9
Ho 1.12 1.8 0.58 2.67 0.82 0.06 0.87 1.47
Er 3.51 5.36 1.51 8.31 2.06 0.15 2.45 4.81
Tm 0.61 0.85 0.25 1.33 0.28 0.03 0.4 0.91
Yb 4.08 5.73 1.58 8.42 1.71 0.18 2.45 6.11
Lu 0.67 0.84 0.26 1.22 0.25 0.03 0.38 0.95
Mo 0.2 1 0.6 0.4 0.1 0.4 0.2 0.7
Cu 3.3 14.4 2.2 6.3 0.7 0.5 1.6 1.3
Pb 5.9 7.4 7.4 55.7 12.2 2.7 8.8 7.4
Zn 164 57 73 227 92 10 131 86
Ni 6.9 5.8 3.9 10.1 2.4 1.4 1.6 3.5
As 0.7 --- --- --- --- --- --- 0.5
Cd --- --- --- 0.1 --- --- --- ---
Sb --- --- --- --- --- --- --- ---
Bi --- 0.2 --- --- --- --- --- ---
Ag --- 0.2 --- --- --- --- --- ---
Au 2.7 1.5 1.1 --- --- --- 0.8 ---
Hg 0.02 0.01 --- 0.01 --- --- --- ---
Tl 0.3 0.9 0.3 0.7 0.6 0.2 0.5 0.5
Se --- --- --- --- --- --- --- ---
(Eu/Eu*)CN 0.42 0.32 0.54 0.65 0.46 1.73 0.56 0.49
(Ce/Ce*)CN 1.13 1.21 1.12 1.13 1.31 1.29 1.30 1.24
120

























SiO2 66.86 69.57 68.44 80.13 82.02 73.90 74.89 79.21
Al2O3 11.94 18.04 10.53 11.01 9.28 12.23 12.35 9.69
Fe2O3 12.75 2.87 10.96 3.59 2.59 4.3 3.23 7.61
MgO 1.84 0.57 1.79 0.52 0.54 1.24 0.95 1.61
CaO 0.18 --- 0.09 0.03 0.01 0.07 0.03 0.21
Na2O 0.2 0.32 0.22 0.13 0.19 0.36 0.37 0.37
K2O 4.02 5.6 5.34 2.4 3.73 6.27 6.27 4.61
TiO2 0.39 0.46 0.32 0.33 0.21 0.31 0.65 0.32
P2O5 0.04 0.11 0.03 0.04 0.03 0.04 0.04 0.07
MnO 1.09 0.03 1.01 0.06 0.12 0.1 0.03 0.49
Cr2O3 0.003 0.005 0.003 0.003 0.002 0.002 0.004 0.003
LOI 0.5 2.2 0.8 1.6 1.2 0.9 0.6 0.0
Ctotal --- 0.03 0.02 --- 0.03 0.05 --- 0.03
Stotal 0.13 --- --- 0.04 --- --- --- 0.02
Total 99.81 99.77 99.53 99.84 99.92 99.72 99.41 104.19
Sc 8 7 5 4 3 5 7 4
Ba 770 722 2001 631 756 1921 3794 720
Be --- 2 --- --- --- --- --- ---
Co 11.5 4.1 4.8 7.6 1.6 3.5 6.4 8.7
Cs 2.9 4 2.9 2.1 3.1 6.3 3.9 3.5
Ga 16.7 28.6 12.9 16.9 11.3 15.8 18.5 13.8
Hf 9.9 9.3 14.3 10 6 13.6 16.7 6.4
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Nb 16.9 19.7 16.9 11.4 8.3 14.4 21 12.5
Rb 179.5 220 205.7 96.2 152.4 268.4 231.8 172.0
Sn 4 2 3 1 2 1 2 BD
Sr 28.9 52.9 29.4 30.6 18.5 48.7 33.8 35.1
Ta 1 1.1 1.2 0.6 0.4 0.9 1.3 0.8
Th 29.7 35.6 20.4 22.3 10.5 28.4 81.4 14.0
U 3.3 3.6 2.1 2.5 1.4 2.2 4.4 2.1
V 31 55 25 35 15 22 52 21
W --- --- --- --- --- --- --- ---
Zr 366.7 313.1 451.4 345.2 183.2 416 567.5 221.3
Y 31.2 16.7 28 14.5 11 24.8 28.2 19.1
La 53.8 66.7 27.2 38.3 21.7 35.6 60.3 33.7
Ce 140.5 146.4 77.1 96.7 58.1 91.5 157.8 97.9
Pr 13.41 15.48 6.64 8.98 5.2 8.46 14.5 8.23
Nd 45.8 51.4 22 30.5 17.9 29.2 50.3 28.9
Sm 7.87 8.16 3.81 4.44 2.66 4.66 8.47 4.37
Eu 1.02 1.01 0.62 0.62 0.49 0.86 1.17 0.83
Gd 5.92 6.12 3.22 3.41 2.18 3.6 7.44 3.53
Tb 0.97 0.82 0.64 0.52 0.35 0.65 1.19 0.57
Dy 5.53 3.9 4.24 2.7 1.92 4.13 6.05 3.12
Ho 1.11 0.62 1.02 0.51 0.44 0.91 1.08 0.66
Er 3.11 1.59 3.2 1.52 1.23 2.71 2.72 1.85
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Tm 0.53 0.2 0.62 0.28 0.22 0.43 0.36 0.31
Yb 3.45 1.24 4.21 1.96 1.46 2.85 2.12 2.03
Lu 0.53 0.21 0.67 0.33 0.24 0.43 0.34 0.30
Mo 0.7 0.4 0.3 0.5 0.2 0.3 0.3 0.8
Cu 2 0.8 0.9 4.1 0.8 0.6 1.7 1.4
Pb 8.6 12.7 32 15.7 5.5 5.2 15.5 4.9
Zn 48 56 114 47 59 42 118 23
Ni 5.8 9 2.9 4.5 1.3 3.6 4.8 6.2
As --- --- --- --- --- --- --- ---
Cd --- --- 0.2 --- --- --- --- ---
Sb --- --- --- --- --- --- --- ---
Bi --- --- --- --- --- --- --- ---
Ag --- --- --- --- --- --- --- ---
Au --- --- --- --- --- --- 1.3 1.0
Hg --- 0.02 0.03 --- --- --- 0.01 ---
Tl 0.9 0.5 1 0.4 0.4 0.6 0.5 0.3
Se --- --- --- --- --- --- --- ---
(Eu/Eu*)CN 0.44 0.42 0.53 0.47 0.60 0.62 0.44 0.62
(Ce/Ce*)CN 1.30 1.12 1.42 1.28 1.35 1.30 1.32 1.45
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SiO2 76.70 81.14 63.00 57.84 72.61 70.39 58.45 65.9
Al2O3 7.71 7.19 15.76 19.16 17.13 11.74 18.96 8.71
Fe2O3 10.52 5.84 6.22 9.16 3.69 7.79 8.31 13.04
MgO 1.83 1.14 2.65 2.22 1.58 1.18 3.81 2.4
CaO 0.49 0.15 4.64 0.82 0.05 0.15 1.49 7.21
Na2O 0.09 0.26 3.15 5.23 0.36 0.32 2.46 0.29
K2O 1.44 3.10 2.61 4.25 2.49 6.58 4.32 0.48
TiO2 0.21 0.32 0.54 0.58 0.37 0.47 0.98 0.44
P2O5 0.04 0.03 0.16 0.16 0.05 0.03 0.13 0.36
MnO 0.76 0.31 0.07 0.12 0.02 0.39 0.03 0.15
Cr2O3 0.002 0.003 0.002 0.002 0.006 0.003 0.016 0.006
LOI 0.1 0.4 0.9 0.2 1.5 0.6 0.7 0.9
Ctotal 0.07 --- 0.09 0.04 0.03 0.03 --- 0.67
Stotal --- 0.02 --- 0.05 0.02 0.04 --- 0.03
Total 99.89 99.89 99.70 99.74 99.86 99.64 99.66 99.89
Sc 8 3 15 17 1 5 23 10
Ba 215 474 951 911 350 1008 788 35
Be --- --- 1 1 2 --- --- ---
Co 8.9 7.5 12.5 3.8 6.2 8.4 21.2 13.3
Cs 1.5 2.4 0.8 0.9 2 5.1 1.3 0.4
Ga 9.5 10.7 17.2 24.7 24.8 16.2 22.6 11
Hf 3.5 8.3 5.7 8.9 8.8 12 6.5 3.5
124



















Nb 5.8 9.9 9.9 18.6 15.5 20 15.9 8.4
Rb 61.4 115.8 78.3 96 83.2 219.2 126.2 22.8
Sn --- --- 1 1 1 2 3 2
Sr 12.4 36.8 438.3 103.3 58.8 32.6 136.5 31.2
Ta 0.3 0.3 0.7 0.8 1.1 1 0.7 0.6
Th 3.7 14.5 16.8 21.3 59.4 19.3 19.3 6.7
U 0.7 1.6 0.8 3.8 3.1 2.3 3.3 1.8
V 29 23 112 56 36 29 147 63
W --- --- --- --- --- --- --- 1.3
Zr 116.3 268.9 185 298.2 275.6 429.1 216.5 105.8
Y 30.5 20.0 17.2 37.6 6.8 17.9 26.1 27.4
La 10.7 32.5 35.2 37.7 124.4 36.9 64 19
Ce 29.2 92.2 73.8 88.6 284.1 113.2 138.1 48.1
Pr 2.42 8.48 8.41 10.3 30.06 8.89 15.18 5.2
Nd 8.6 25.9 29.4 37.2 97.3 31.6 53.2 21
Sm 2.05 4.31 4.93 7.39 16.06 4.71 9.68 4.53
Eu 0.31 0.85 1.36 1.75 0.93 1 2.1 1.2
Gd 3.27 2.93 3.61 6.2 8.64 3.08 7.11 4.24
Tb 0.81 0.56 0.59 1.06 0.81 0.51 1.04 0.72
Dy 4.93 3.30 2.95 6.19 2.41 2.8 5.39 4.07
Ho 1.07 0.68 0.63 1.33 0.2 0.67 0.94 0.96
Er 3.18 2.20 1.96 3.95 0.66 2.12 2.76 2.67
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Tm 0.49 0.36 0.27 0.56 0.07 0.35 0.38 0.37
Yb 2.93 2.22 1.78 3.69 0.58 2.49 2.65 2.63
Lu 0.44 0.36 0.31 0.63 0.08 0.4 0.38 0.38
Mo 0.9 0.6 0.6 1.6 0.3 0.3 0.6 0.3
Cu 2.7 1.2 3.9 8.6 4.2 2.5 19.7 12.3
Pb 7.4 3.9 3.4 3.9 6.6 17.9 1.4 1.7
Zn 59 34 55 142 21 63 20 6
Ni 4.2 4.5 7.7 3.4 6.2 2.5 37.6 4.6
As --- --- 1.4 --- 0.8 --- 0.6 0.8
Cd 0.1 --- --- --- --- 0.1 --- ---
Sb --- --- --- --- --- --- --- ---
Bi --- --- --- --- --- --- --- 0.2
Ag --- --- --- --- --- --- --- ---
Au --- --- 2.3 --- 1.8 --- 0.7 2.8
Hg --- --- --- --- --- 0.01 --- ---
Tl 0.2 0.2 0.3 0.6 0.2 0.5 0.4 ---
Se --- --- --- --- --- --- --- ---
(Eu/Eu*)CN 0.36 0.69 0.94 0.77 0.22 0.75 0.74 0.82
(Ce/Ce*)CN 1.41 1.38 1.06 1.12 1.15 1.54 1.09 1.21
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SiO2 63.44 62.44 61.51 65.98 75.59
Al2O3 11.39 13.14 14.41 8.60 12.13
Fe2O3 13.11 11.39 11.59 15.72 3.23
MgO 5.67 4.34 4.85 3.02 1.03
CaO 2.05 0.77 1.57 4.62 1.68
Na2O 0.95 0.33 1.85 0.33 2.73
K2O 1.77 5.26 2.38 0.24 2.11
TiO2 0.64 0.56 0.74 0.49 0.42
P2O5 0.25 0.29 0.17 0.23 0.09
MnO 0.06 0.42 0.1 0.15 0.04
Cr2O3 0.01 0.01 0.01 0.01 0.01
LOI 0.5 0.8 0.6 0.5 0.8
Ctotal 0.32 0.34 0.34 0.24 0.02
Stotal 0.03 --- --- 0.18 ---
Total 99.84 99.75 99.78 99.89 99.86
Sc 13 15 22 10 8
Ba 213 747 286 19 465
Co 10.1 23 19.4 17 6.6
Cs 0.7 2 1.4 0.2 0.9
Ga 14.3 16 17 12.3 13.2
Hf 4.2 4.3 4.8 3.4 7
Nb 9.7 10 11.9 9.3 8.5
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Rb 52.4 138.7 89.5 9.7 69.1
Sn --- --- 1 2 ---
Sr 35.7 60.2 45.9 33.7 256
Ta 0.2 0.6 0.5 0.6 0.3
Th 8.8 11.4 15.3 7.2 11.3
U 1 1.6 1.8 2 1.9
V 129 96 158 72 52
W --- --- --- 1 ---
Zr 168 144 156.9 111.8 247.1
Y 18.8 24.9 26.6 16.2 11.6
La 30.8 35.2 46.4 18.2 39.2
Ce 61.3 80.4 103.3 46.1 80.5
Pr 6.99 8.26 10.94 5 8.51
Sm 4.5 5.48 6.6 3.82 4.84
Eu 0.93 1.22 1.48 1.14 1.02
Gd 3.99 4.95 5.36 3.44 3.38
Tb 0.64 0.83 0.84 0.55 0.49
Dy 3.6 4.36 5.56 2.98 2.59
Ho 0.72 0.88 1.01 0.56 0.44
Er 2.15 2.67 2.74 1.67 1.43
Tm 0.29 0.34 0.38 0.23 0.21
Yb 1.99 2.2 2.49 1.52 1.42
128











Tm 0.29 0.34 0.38 0.23 0.21
Yb 1.99 2.2 2.49 1.52 1.42
Lu 0.32 0.35 0.37 0.24 0.23
Mo 1.5 0.1 0.7 0.7 0.8
Cu 17.7 1.5 9.6 114.8 8
Pb 0.8 0.8 1.6 2.1 4.1
Zn 13 36 15 5 49
Ni 21.1 17.6 20 12.2 14
As --- --- 0.6 0.7 ---
Cd --- --- --- --- ---
Sb --- --- --- --- ---
Bi --- --- --- --- ---
Ag --- --- --- --- ---
Au 1.2 --- 0.8 0.8 ---
Hg --- --- --- --- ---
Se --- --- --- 0.8 ---
(Eu/Eu*)CN 0.65 0.70 0.74 0.94 0.73
(Ce/Ce*)CN 1.02 1.16 1.13 1.21 1.08
Abbreviations: IF = iron formation, NSG = nodular sillimanite gneiss, SG = sillimanite gneiss, S-GG = sillimanite-garnet gneiss, M-PSG = Magnetite-porphyroblastic 
sillimanite gneiss, QG = quartz garnetite; 1Notes: Major elements in wt % and trace elements in ppm , except for Au (ppb); 2Samples FRSL 10171, FRSL 10250, and 
JSSN 004 have Fe2O3 contents < 10 wt %, and are rocks derived from iron formation
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SiO2 36.89 37.03 36.62 36.90 37.18 36.84 36.83 36.91
TiO2 0.01 --- 0.00 0.02 0.03 --- 0.01 -0.00
Al2O3 21.67 21.57 21.83 21.55 21.56 21.63 21.59 21.81
FeO 37.71 37.59 37.59 34.71 34.93 34.91 34.81 34.48
MnO 0.93 0.86 0.93 3.29 3.21 3.25 3.22 3.30
MgO 3.61 3.56 3.49 3.76 3.89 3.86 3.65 3.67
CaO 1.16 1.23 1.34 0.99 1.14 1.05 1.18 0.92
Total 101.96 101.83 101.80 101.21 101.94 101.54 101.28 101.08
Number of atoms in formulae (oxygen basis 24)
Si 5.861 5.888 5.830 5.889 5.891 5.867 5.878 5.887
Ti 0.001 --- 0.000 0.002 0.004 --- 0.001 0.000
Al 4.058 4.042 4.096 4.053 4.026 4.059 4.061 4.101
Fe 5.010 4.999 5.005 4.632 4.630 4.649 4.645 4.600
Mn 0.125 0.116 0.125 0.444 0.431 0.438 0.435 0.446
Mg 0.855 0.843 0.829 0.895 0.918 0.917 0.869 0.871
Ca 0.197 0.209 0.229 0.168 0.193 0.178 0.202 0.157
Total 16.107 16.097 16.114 16.083 16.094 16.108 16.090 16.061
End-member calculations
Alm 88.80 88.90 88.69 82.95 82.77 82.86 83.01 83.08
Spess 2.21 2.06 2.22 7.95 7.71 7.81 7.78 8.05
Gross 1.85 1.96 2.13 1.61 1.84 1.69 1.91 1.51
Pyrope 7.14 7.08 6.96 7.49 7.68 7.64 7.30 7.36
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SiO2 36.86 36.81 36.85 36.62 36.42 36.67 36.59 36.46
TiO2 0.08 --- 0.02 -0.00 0.06 0.04 0.02 0.01
Al2O3 21.59 21.76 21.80 21.35 20.90 20.91 20.77 20.78
FeO 34.92 34.97 35.56 35.89 32.08 31.42 31.91 31.98
MnO 3.32 3.29 3.50 3.33 1.34 1.25 1.04 1.10
MgO 3.66 3.62 3.21 3.08 1.49 1.56 1.67 1.69
CaO 1.00 0.98 0.98 1.01 6.63 6.83 6.81 7.10
Total 101.44 101.42 101.92 101.26 98.92 98.67 98.81 99.12
Number of atoms in formulae (oxygen basis 24)
Si 5.875 5.867 5.864 5.877 5.939 5.973 5.962 5.933
Ti 0.009 --- 0.003 --- 0.007 0.005 0.003 0.001
Al 4.056 4.087 4.089 4.039 4.017 4.014 3.989 3.987
Fe 4.655 4.661 4.732 4.818 4.375 4.280 4.349 4.354
Mn 0.448 0.444 0.472 0.452 0.185 0.172 0.144 0.152
Mg 0.870 0.860 0.760 0.737 0.363 0.378 0.405 0.409
Ca 0.171 0.167 0.167 0.173 1.159 1.192 1.189 1.238
Total 16.083 16.084 16.087 16.096 16.044 16.014 16.040 16.074
End-member calculations
Alm 83.10 83.29 83.72 84.36 82.68 82.23 82.66 82.20
Spess 8.00 7.93 8.35 7.92 3.50 3.30 2.74 2.87
Gross 1.62 1.58 1.55 1.59 10.13 10.56 10.46 10.77
Pyrope 7.28 7.21 6.37 6.13 3.68 3.91 4.13 4.16
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SiO2 37.09 36.59 36.42 36.71 36.49 36.35 36.64 36.55
TiO2 0.02 0.05 0.05 --- 0.05 0.05 0.04 0.01
Al2O3 20.84 20.75 20.99 20.92 20.86 20.82 20.80 20.81
FeO 32.36 31.79 31.77 32.02 31.99 31.96 31.84 31.95
MnO 1.24 1.32 1.04 1.13 1.19 1.45 1.33 1.43
MgO 1.50 1.56 1.74 1.71 1.64 1.54 1.57 1.36
CaO 6.92 7.00 6.79 6.70 6.87 6.57 6.83 6.96
Total 99.97 99.06 98.78 99.19 99.10 98.73 99.06 99.05
Number of atoms in formulae (oxygen basis 24)
Si 5.982 5.955 5.933 5.958 5.936 5.939 5.959 5.954
Ti 0.003 0.006 0.006 --- 0.006 0.006 0.005 0.001
Al 3.962 3.980 4.030 4.002 4.001 4.010 3.988 3.995
Fe 4.365 4.328 4.328 4.346 4.353 4.368 4.332 4.353
Mn 0.169 0.182 0.143 0.156 0.165 0.200 0.184 0.197
Mg 0.361 0.379 0.422 0.414 0.397 0.374 0.381 0.330
Ca 1.195 1.220 1.184 1.165 1.198 1.150 1.191 1.214
Total 16.036 16.049 16.046 16.040 16.055 16.048 16.040 16.044
End-member calculations
Alm 82.68 82.03 82.50 82.55 82.37 82.39 82.19 82.37
Spess 3.21 3.45 2.72 2.96 3.11 3.78 3.49 3.72
Gross 10.43 10.65 10.47 10.28 10.48 10.05 10.43 10.53
Pyrope 3.68 3.88 4.31 4.21 4.04 3.78 3.89 3.38
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SiO2 37.32 36.98 36.96 37.14 37.04 37.13 36.82 37.19
TiO2 0.03 0.05 0.09 0.02 -0.00 0.06 0.05 0.00
Al2O3 21.53 21.40 21.33 21.34 21.20 21.33 21.11 21.42
FeO 32.37 32.04 32.31 31.71 32.21 32.57 31.15 30.88
MnO 2.52 2.57 2.52 2.50 2.64 2.64 2.68 2.50
MgO 2.07 2.14 2.35 2.34 2.27 2.00 2.12 2.34
CaO 5.02 5.07 4.79 5.00 4.81 4.84 5.71 5.64
Total 100.86 100.24 100.36 100.04 100.16 100.57 99.63 99.97
Number of atoms in formulae (oxygen basis 24)
Si 5.955 5.938 5.931 5.960 5.956 5.952 5.945 5.960
Ti 0.003 0.006 0.011 0.003 --- 0.007 0.006 0.001
Al 4.050 4.049 4.035 4.038 4.019 4.031 4.018 4.046
Fe 4.319 4.302 4.336 4.256 4.332 4.367 4.206 4.139
Mn 0.340 0.349 0.343 0.339 0.359 0.359 0.366 0.339
Mg 0.493 0.513 0.562 0.560 0.544 0.478 0.511 0.560
Ca 0.859 0.872 0.824 0.860 0.829 0.832 0.987 0.969
Total 16.018 16.028 16.041 16.015 16.038 16.025 16.041 16.015
End-member calculations
Alm 81.06 80.60 80.77 80.29 80.61 81.25 79.19 79.06
Spess 6.38 6.54 6.39 6.40 6.69 6.67 6.90 6.48
Gross 7.78 7.89 7.49 7.88 7.51 7.49 8.88 8.90
Pyrope 4.78 4.96 5.36 5.43 5.19 4.59 5.03 5.56
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SiO2 37.00 37.26 37.16 36.88 37.27 37.27 37.19 37.45
TiO2 0.07 0.01 0.03 0.03 0.05 0.03 0.01 0.06
Al2O3 21.12 21.30 21.35 20.86 21.48 21.52 21.23 21.49
FeO 31.25 31.10 31.22 31.52 31.67 31.94 31.80 32.71
MnO 2.61 2.52 2.60 2.67 2.56 2.69 2.53 2.50
MgO 2.32 2.20 2.12 2.32 2.26 2.17 2.25 2.29
CaO 5.76 5.58 5.57 5.21 4.88 5.11 4.89 4.60
Total 100.13 99.97 100.05 99.47 100.18 100.74 99.89 101.08
Number of atoms in formulae (oxygen basis 24)
Si 5.944 5.978 5.964 5.967 5.970 5.950 5.979 5.960
Ti 0.008 0.001 0.003 0.004 0.006 0.004 0.001 0.007
Al 3.998 4.028 4.039 3.979 4.055 4.049 4.024 4.031
Fe 4.198 4.174 4.191 4.266 4.242 4.265 4.275 4.353
Mn 0.355 0.342 0.354 0.365 0.348 0.363 0.345 0.336
Mg 0.555 0.526 0.506 0.559 0.540 0.517 0.538 0.542
Ca 0.991 0.959 0.958 0.903 0.838 0.874 0.843 0.784
Total 16.049 16.008 16.016 16.042 15.999 16.022 16.004 16.014
End-member calculations
Alm 78.95 79.51 79.56 79.64 80.42 80.21 80.57 81.37
Spess 6.68 6.52 6.72 6.82 6.59 6.83 6.50 6.29
Gross 8.93 8.76 8.71 8.16 7.72 7.94 7.71 7.16
Pyrope 5.43 5.22 5.01 5.38 5.27 5.02 5.22 5.18
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SiO2 37.16 37.11 37.13 37.07 36.95 37.17 37.10 37.04
TiO2 0.01 0.05 -0.00 0.04 0.00 0.04 0.04 ---
Al2O3 21.85 21.28 21.61 21.70 21.83 21.90 21.79 21.86
FeO 31.77 31.47 32.46 31.79 32.56 31.80 32.99 31.95
MnO 2.55 2.40 2.68 0.50 3.22 3.04 3.23 2.99
MgO 2.30 2.25 2.09 5.19 4.01 4.48 3.48 4.35
CaO 4.90 4.96 4.93 2.16 0.88 0.94 0.88 1.00
Total 100.54 99.51 100.90 98.45 99.45 99.37 99.51 99.20
Number of atoms in formulae (oxygen basis 24)
Si 5.931 5.979 5.930 5.946 5.937 5.947 5.965 5.944
Ti 0.002 0.005 --- 0.005 0.000 0.004 0.005 ---
Al 4.111 4.042 4.067 4.103 4.133 4.131 4.129 4.135
Fe 4.240 4.241 4.335 4.265 4.375 4.256 4.436 4.288
Mn 0.344 0.327 0.363 0.068 0.439 0.411 0.440 0.406
Mg 0.547 0.540 0.497 1.241 0.960 1.069 0.834 1.041
Ca 0.857 0.843 0.837 0.371 0.152 0.161 0.151 0.172
Total 16.032 15.979 16.029 16.000 15.996 15.979 15.960 15.986
End-member calculations
Alm 80.42 80.60 80.84 83.59 81.95 81.17 82.96 81.45
Spess 6.53 6.22 6.77 1.33 8.21 7.85 8.23 7.71
Gross 7.72 7.90 7.61 3.94 1.53 1.67 1.50 1.77
Pyrope 5.33 5.29 4.78 11.13 8.31 9.32 7.30 9.07
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SiO2 37.16 37.33 37.37 37.32 37.13 37.19 37.24 37.43
TiO2 0.01 0.05 --- --- -0.00 0.02 0.00 0.01
Al2O3 21.82 21.89 21.89 22.05 21.95 21.91 22.03 21.97
FeO 31.78 31.40 31.83 31.79 32.17 32.18 31.67 31.77
MnO 3.10 3.13 3.07 3.09 3.17 3.16 3.11 3.14
MgO 4.35 4.47 4.44 4.51 3.98 4.41 4.34 4.31
CaO 0.97 0.91 0.94 0.86 0.91 0.95 0.91 0.91
Total 99.20 99.18 99.54 99.63 99.31 99.82 99.30 99.54
Number of atoms in formulae (oxygen basis 24)
Si 5.960 5.972 5.969 5.953 5.958 5.936 5.958 5.974
Ti 0.001 0.006 --- --- 0.000 0.003 0.001 0.001
Al 4.125 4.127 4.121 4.146 4.152 4.123 4.155 4.133
Fe 4.262 4.201 4.252 4.241 4.317 4.296 4.237 4.241
Mn 0.422 0.424 0.415 0.417 0.431 0.427 0.421 0.424
Mg 1.039 1.066 1.058 1.072 0.952 1.048 1.035 1.027
Ca 0.167 0.156 0.161 0.147 0.157 0.163 0.155 0.155
Total 15.976 15.953 15.975 15.976 15.965 15.997 15.962 15.956
End-member calculations
Alm 81.17 80.83 81.17 81.13 81.87 81.18 81.23 81.24
Spess 8.03 8.17 7.93 7.98 8.18 8.07 8.07 8.13
Gross 1.72 1.63 1.66 1.53 1.60 1.67 1.61 1.61
Pyrope 9.08 9.37 9.24 9.36 8.35 9.08 9.09 9.02
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SiO2 37.29 36.93 37.24 37.18 36.69 36.92 36.51 36.86
TiO2 0.03 0.04 0.02 0.04 -0.00 0.06 0.02 0.01
Al2O3 21.97 21.74 21.86 21.96 21.61 21.73 21.60 21.63
FeO 32.72 34.92 32.04 33.01 33.48 33.06 33.51 33.02
MnO 3.40 0.27 0.14 0.24 2.82 2.80 3.49 2.93
MgO 3.88 2.84 3.63 3.66 3.69 3.86 2.66 3.55
CaO 0.95 3.26 4.00 3.61 1.14 1.15 1.21 1.17
Total 100.23 99.99 98.94 99.70 99.43 99.58 98.99 99.17
Number of atoms in formulae (oxygen basis 24)
Si 5.946 5.928 5.967 5.934 5.920 5.933 5.942 5.953
Ti 0.004 0.004 0.003 0.005 0.000 0.008 0.003 0.002
Al 4.129 4.114 4.128 4.130 4.111 4.116 4.143 4.117
Fe 4.363 4.688 4.294 4.406 4.518 4.442 4.561 4.459
Mn 0.460 0.037 0.020 0.032 0.386 0.381 0.481 0.400
Mg 0.921 0.679 0.868 0.871 0.888 0.924 0.644 0.854
Ca 0.162 0.561 0.686 0.617 0.198 0.197 0.210 0.203
Total 15.985 16.011 15.965 15.996 16.020 16.001 15.984 15.987
End-member calculations
Alm 81.74 87.73 84.38 85.08 83.29 82.89 83.53 83.07
Spess 8.61 0.68 0.38 0.62 7.11 7.11 8.80 7.45
Gross 1.62 5.30 6.86 6.10 1.94 1.96 2.00 2.00
Pyrope 8.02 6.29 8.37 8.20 7.66 8.04 5.66 7.47
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SiO2 36.79 36.70 36.65 36.80 36.90 37.34 37.03 37.05
TiO2 0.01 --- 0.02 0.00 -0.00 0.02 0.01 0.03
Al2O3 21.79 20.91 20.72 20.60 21.71 21.53 21.57 21.60
FeO 32.85 29.79 29.33 29.76 32.75 32.78 32.60 33.01
MnO 3.07 4.23 4.09 4.20 2.44 2.34 2.39 2.28
MgO 3.07 1.07 1.34 1.21 2.23 2.53 2.57 2.57
CaO 1.19 6.61 6.88 6.99 3.71 3.57 3.65 3.69
Total 98.76 99.30 99.03 99.56 99.72 100.10 99.82 100.23
Number of atoms in formulae (oxygen basis 24)
Si 5.965 5.970 5.970 5.977 5.946 5.983 5.955 5.940
Ti 0.001 --- 0.002 0.000 0.000 0.003 0.002 0.004
Al 4.164 4.009 3.977 3.943 4.124 4.067 4.088 4.083
Fe 4.454 4.053 3.996 4.043 4.413 4.393 4.385 4.426
Mn 0.422 0.583 0.564 0.578 0.333 0.318 0.325 0.310
Mg 0.742 0.259 0.326 0.294 0.535 0.603 0.616 0.613
Ca 0.206 1.152 1.201 1.216 0.640 0.612 0.629 0.635
Total 15.954 16.027 16.036 16.051 15.991 15.978 16.000 16.011
End-member calculations
Alm 83.46 76.41 75.57 75.76 82.76 82.59 82.23 82.58
Spess 7.90 10.99 10.67 10.83 6.24 5.98 6.10 5.78
Gross 2.03 9.96 10.43 10.41 5.94 5.75 5.89 5.91
Pyrope 6.60 2.65 3.33 2.99 5.07 5.68 5.78 5.73
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SiO2 37.06 37.20 37.41 37.22 37.16 37.10 37.08 37.13
TiO2 0.04 0.06 0.01 -0.00 0.04 0.05 --- 0.01
Al2O3 21.56 21.54 21.43 21.65 21.69 21.38 21.63 21.74
FeO 32.71 32.52 32.47 32.57 32.79 32.97 32.70 32.95
MnO 2.24 2.42 2.35 2.29 2.43 2.29 2.27 2.31
MgO 2.57 2.59 2.54 2.45 2.61 2.65 2.44 2.56
CaO 3.53 3.52 3.53 3.60 3.55 3.69 3.60 3.64
Total 99.72 99.84 99.73 99.78 100.26 100.13 99.72 100.34
Number of atoms in formulae (oxygen basis 24)
Si 5.962 5.974 6.009 5.978 5.949 5.956 5.966 5.943
Ti 0.005 0.008 0.002 0.000 0.004 0.006 --- 0.001
Al 4.089 4.077 4.057 4.099 4.094 4.047 4.102 4.101
Fe 4.402 4.367 4.361 4.374 4.391 4.427 4.400 4.410
Mn 0.305 0.329 0.319 0.312 0.329 0.312 0.309 0.313
Mg 0.616 0.619 0.607 0.588 0.622 0.634 0.586 0.611
Ca 0.609 0.606 0.608 0.619 0.609 0.635 0.621 0.624
Total 15.988 15.979 15.963 15.970 15.998 16.016 15.984 16.002
End-member calculations
Alm 82.74 82.27 82.47 82.70 82.30 82.39 82.83 82.58
Spess 5.74 6.19 6.04 5.90 6.17 5.81 5.81 5.86
Gross 5.73 5.71 5.75 5.83 5.71 5.91 5.82 5.84
Pyrope 5.79 5.82 5.74 5.57 5.82 5.90 5.54 5.73
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SiO2 37.03 37.16 36.69 36.80 36.74 37.17 36.80 36.83
TiO2 --- --- 0.07 0.03 0.02 0.01 0.09 0.06
Al2O3 21.78 21.57 21.24 21.49 21.24 21.37 21.25 21.27
FeO 32.70 32.49 30.02 30.25 30.43 30.19 30.10 30.25
MnO 2.29 2.32 2.02 2.09 2.05 1.98 2.13 2.00
MgO 2.55 2.48 1.66 1.68 1.53 1.58 1.54 1.50
CaO 3.61 3.67 6.98 6.90 6.91 7.11 7.10 7.08
Total 99.95 99.69 98.67 99.24 98.92 99.40 98.99 98.99
Number of atoms in formulae (oxygen basis 24)
Si 5.945 5.976 5.957 5.943 5.960 5.986 5.960 5.964
Ti --- --- 0.008 0.004 0.003 0.001 0.011 0.007
Al 4.121 4.089 4.065 4.091 4.060 4.057 4.056 4.059
Fe 4.391 4.371 4.077 4.085 4.129 4.066 4.076 4.096
Mn 0.312 0.316 0.278 0.285 0.282 0.269 0.292 0.274
Mg 0.609 0.595 0.402 0.404 0.369 0.379 0.372 0.361
Ca 0.620 0.632 1.214 1.195 1.201 1.227 1.231 1.229
Total 15.999 15.978 15.999 16.007 16.003 15.986 15.996 15.991
End-member calculations
Alm 82.58 82.46 79.46 79.49 79.98 79.67 79.41 79.87
Spess 5.86 5.97 5.42 5.55 5.46 5.28 5.68 5.34
Gross 5.83 5.94 10.90 10.73 10.70 11.03 10.99 10.97
Pyrope 5.73 5.63 4.22 4.23 3.86 4.02 3.92 3.82
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SiO2 36.91 36.70 36.43 36.63 36.72 36.55 36.91 37.02
TiO2 0.10 0.04 0.07 0.02 0.06 0.06 0.02 0.02
Al2O3 21.24 21.12 21.01 21.31 21.15 21.06 21.04 21.24
FeO 30.25 30.72 30.49 30.92 30.74 30.37 30.44 30.58
MnO 2.16 2.13 2.33 2.30 2.32 2.12 2.17 2.21
MgO 1.50 1.42 1.14 1.22 1.24 1.43 1.42 1.43
CaO 7.18 6.94 7.13 7.08 7.01 7.16 7.00 6.90
Total 99.34 99.07 98.59 99.48 99.24 98.76 99.01 99.40
Number of atoms in formulae (oxygen basis 24)
Si 5.961 5.956 5.953 5.932 5.956 5.951 5.986 5.979
Ti 0.012 0.005 0.008 0.002 0.007 0.008 0.002 0.003
Al 4.043 4.039 4.046 4.068 4.043 4.040 4.022 4.043
Fe 4.085 4.168 4.166 4.187 4.170 4.135 4.129 4.130
Mn 0.296 0.292 0.322 0.315 0.319 0.293 0.299 0.302
Mg 0.361 0.345 0.277 0.295 0.300 0.347 0.343 0.345
Ca 1.243 1.208 1.248 1.228 1.219 1.249 1.216 1.194
Total 16.001 16.012 16.020 16.026 16.013 16.022 15.996 15.995
End-member calculations
Alm 79.39 80.14 80.03 80.18 80.07 79.73 79.85 79.93
Spess 5.75 5.62 6.19 6.04 6.12 5.64 5.78 5.85
Gross 11.05 10.65 10.88 10.71 10.68 11.00 10.78 10.61
Pyrope 3.81 3.59 2.90 3.07 3.13 3.63 3.60 3.61
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SiO2 36.63 37.00 36.61 36.77 36.88 36.90 36.57 37.05
TiO2 0.06 --- 0.02 0.00 0.04 -0.00 0.07 -0.00
Al2O3 21.06 21.58 21.57 21.16 21.50 21.55 21.36 21.55
FeO 30.71 34.24 34.06 33.79 34.06 34.27 33.37 34.06
MnO 2.24 2.39 2.38 2.23 2.23 2.26 2.30 2.33
MgO 1.24 3.41 3.36 3.44 3.45 3.47 3.47 3.46
CaO 7.04 1.20 1.15 1.15 1.12 1.10 1.13 1.15
Total 98.98 99.82 99.14 98.54 99.26 99.55 98.27 99.60
Number of atoms in formulae (oxygen basis 24)
Si 5.958 5.953 5.931 5.983 5.957 5.950 5.954 5.964
Ti 0.007 --- 0.002 0.000 0.004 --- 0.008 0.000
Al 4.037 4.093 4.119 4.057 4.093 4.097 4.097 4.089
Fe 4.178 4.607 4.614 4.598 4.600 4.622 4.543 4.585
Mn 0.309 0.325 0.326 0.307 0.305 0.309 0.318 0.318
Mg 0.300 0.817 0.811 0.835 0.831 0.833 0.842 0.831
Ca 1.227 0.207 0.200 0.201 0.193 0.190 0.197 0.198
Total 16.015 16.002 16.003 15.981 15.983 16.000 15.959 15.985
End-member calculations
Alm 80.20 84.89 85.00 85.08 85.22 85.22 84.75 84.92
Spess 5.92 5.99 6.01 5.68 5.64 5.69 5.92 5.89
Gross 10.74 2.02 1.94 1.97 1.89 1.86 1.95 1.94
Pyrope 3.13 7.10 7.05 7.27 7.24 7.23 7.38 7.25
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   TABLE B.  (Cont.)
JSSN 011_4 JSSN 011_4 JSSN 011_6 JSSN 011_6 JSSN 011_6 JSSN 011_6 JSSN 011_6 JSSN 011_6
Iron formation Iron formation Iron formation Iron formation Iron formation Iron formation Iron formation Iron formation
Sito North Sito North Sito North Sito North Sito North Sito North Sito North Sito North
SiO2 36.99 36.78 36.88 36.99 37.13 37.10 37.04 37.26
TiO2 --- --- 0.00 0.00 0.06 0.00 0.03 ---
Al2O3 21.51 21.58 21.78 21.83 21.74 21.55 21.57 21.62
FeO 33.82 33.80 34.05 34.27 34.19 34.29 34.53 34.08
MnO 2.32 2.12 2.12 2.15 2.21 2.21 2.39 2.43
MgO 3.40 3.40 3.38 3.60 3.58 3.61 3.53 3.43
CaO 1.06 1.04 1.21 1.08 1.00 0.96 0.99 1.07
Total 99.11 98.71 99.41 99.93 99.91 99.72 100.08 99.90
Number of atoms in formulae (oxygen basis 24)
Si 5.980 5.966 5.944 5.934 5.953 5.964 5.945 5.978
Ti --- --- 0.000 0.001 0.007 0.000 0.004 ---
Al 4.099 4.126 4.138 4.128 4.108 4.083 4.080 4.089
Fe 4.573 4.585 4.590 4.598 4.584 4.611 4.635 4.573
Mn 0.318 0.291 0.290 0.292 0.300 0.301 0.325 0.331
Mg 0.820 0.823 0.812 0.861 0.855 0.865 0.845 0.820
Ca 0.184 0.181 0.208 0.186 0.172 0.166 0.171 0.184
Total 15.973 15.971 15.983 15.999 15.979 15.992 16.004 15.975
End-member calculations
Alm 85.10 85.57 85.43 85.27 85.27 85.30 85.09 84.89
Spess 5.91 5.43 5.40 5.42 5.59 5.58 5.97 6.14
Gross 1.81 1.78 2.05 1.83 1.70 1.64 1.66 1.81
Pyrope 7.18 7.22 7.13 7.48 7.45 7.49 7.28 7.16
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   TABLE B.  (Cont.)
JSSN 011_6 JSSN 011_6 JSGO 002_5 JSGO 002_5 JSGO 002_5 JSGO 002_5 JSGO 002_5 JSGO 002_5
Iron formation Iron formation Iron formation Iron formation Iron formation Iron formation Iron formation Iron formation
Sito North Sito North George George George George George George
SiO2 36.98 36.98 37.43 35.91 36.16 36.11 36.49 36.39
TiO2 --- 0.02 0.08 0.03 0.07 0.04 --- ---
Al2O3 21.76 21.64 20.83 20.32 20.93 20.96 21.00 21.20
FeO 34.23 34.09 30.95 32.21 30.77 31.54 31.11 31.89
MnO 2.35 2.26 6.07 5.97 5.90 6.22 5.86 6.11
MgO 3.58 3.39 1.41 1.45 1.48 1.55 1.47 1.46
CaO 1.01 1.14 2.54 2.67 2.90 2.72 2.87 2.89
Total 99.90 99.53 99.31 98.55 98.20 99.12 98.80 99.94
Number of atoms in formulae (oxygen basis 24)
Si 5.935 5.958 6.083 5.952 5.966 5.929 5.984 5.926
Ti --- 0.003 0.010 0.004 0.009 0.005 --- ---
Al 4.117 4.109 3.990 3.970 4.070 4.055 4.060 4.070
Fe 4.595 4.594 4.207 4.465 4.245 4.330 4.266 4.342
Mn 0.319 0.309 0.835 0.838 0.824 0.865 0.814 0.843
Mg 0.857 0.814 0.341 0.359 0.365 0.378 0.360 0.354
Ca 0.173 0.197 0.442 0.474 0.512 0.478 0.505 0.504
Total 15.996 15.983 15.909 16.061 15.992 16.039 15.989 16.038
End-member calculations
Alm 84.98 85.22 77.43 78.08 77.09 77.01 77.40 77.37
Spess 5.90 5.73 15.37 14.65 14.97 15.38 14.77 15.01
Gross 1.70 1.93 4.03 4.10 4.59 4.21 4.52 4.43
Pyrope 7.42 7.12 3.17 3.17 3.36 3.39 3.31 3.19
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   TABLE B.  (Cont.)
JSGO 002_4 JSGO 002_4 JSGO 002_4 JSGO 002_4 JSGO 002_4 JSGO 002_4 JSGO 002_4 JSGO 002_4
Iron formation Iron formation Iron formation Iron formation Iron formation Iron formation Iron formation Iron formation
George George George George George George George George
SiO2 36.50 36.29 36.42 36.52 36.13 36.32 36.37 36.41
TiO2 0.01 0.06 0.02 0.00 0.07 --- 0.04 0.02
Al2O3 21.14 21.09 21.07 21.08 21.14 21.17 21.12 21.07
FeO 32.04 31.37 31.42 31.45 30.88 31.32 31.10 31.42
MnO 5.82 5.69 5.74 5.75 5.74 5.58 5.59 5.49
MgO 1.47 1.62 1.64 1.54 1.60 1.62 1.63 1.64
CaO 2.79 2.83 2.88 2.99 3.01 3.14 3.15 3.10
Total 99.77 98.95 99.19 99.33 98.55 99.16 99.00 99.15
Number of atoms in formulae (oxygen basis 24)
Si 5.947 5.948 5.955 5.964 5.938 5.938 5.950 5.952
Ti 0.002 0.007 0.002 0.000 0.008 --- 0.005 0.002
Al 4.060 4.074 4.060 4.058 4.096 4.080 4.072 4.059
Fe 4.366 4.299 4.296 4.295 4.245 4.283 4.256 4.295
Mn 0.803 0.790 0.795 0.795 0.799 0.773 0.775 0.760
Mg 0.356 0.395 0.400 0.375 0.392 0.396 0.399 0.401
Ca 0.487 0.496 0.505 0.523 0.529 0.551 0.552 0.544
Total 16.021 16.010 16.013 16.011 16.007 16.019 16.008 16.014
End-member calculations
Alm 78.11 77.68 77.51 77.56 77.13 77.48 77.31 77.71
Spess 14.37 14.28 14.34 14.35 14.52 13.98 14.07 13.76
Gross 4.31 4.44 4.51 4.66 4.75 4.91 4.95 4.86
Pyrope 3.22 3.60 3.64 3.43 3.60 3.63 3.67 3.67
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   TABLE B.  (Cont.)
JSGO 002_4 JSGO 002_4 JSGO 002_4 JSJL 004_2 JSJL 004_2 JSJL 004_2 JSJL 004_2 JSJL 004_2
Iron formation Iron formation Iron formation Iron formation Iron formation Iron formation Iron formation Iron formation
George George George Jess Lake Jess Lake Jess Lake Jess Lake Jess Lake
SiO2 36.31 36.08 36.44 37.00 36.69 36.89 36.90 37.04
TiO2 0.02 0.02 --- 0.02 0.02 --- 0.00 0.03
Al2O3 21.07 21.06 21.28 21.35 21.58 21.59 21.68 21.54
FeO 31.10 31.36 31.61 32.62 32.89 32.82 32.63 33.14
MnO 5.77 5.82 5.84 2.37 2.37 2.37 2.43 2.38
MgO 1.70 1.61 1.48 2.13 2.16 2.33 2.43 2.39
CaO 3.00 2.79 2.89 3.82 3.63 3.68 3.67 3.67
Total 98.96 98.74 99.54 99.32 99.34 99.68 99.73 100.19
Number of atoms in formulae (oxygen basis 24)
Si 5.947 5.932 5.942 5.987 5.943 5.948 5.943 5.950
Ti 0.002 0.002 --- 0.002 0.002 --- 0.000 0.004
Al 4.067 4.082 4.090 4.072 4.120 4.105 4.116 4.078
Fe 4.259 4.311 4.312 4.414 4.454 4.427 4.395 4.452
Mn 0.800 0.810 0.807 0.325 0.326 0.323 0.332 0.324
Mg 0.415 0.396 0.360 0.513 0.522 0.559 0.582 0.571
Ca 0.527 0.492 0.506 0.662 0.630 0.636 0.634 0.632
Total 16.016 16.023 16.016 15.975 15.997 15.998 16.000 16.010
End-member calculations
Alm 77.03 77.48 77.69 82.89 83.17 82.78 82.39 82.79
Spess 14.46 14.55 14.53 6.10 6.08 6.04 6.21 6.03
Gross 4.71 4.38 4.50 6.13 5.82 5.91 5.91 5.84
Pyrope 3.79 3.58 3.28 4.89 4.92 5.26 5.48 5.34
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   TABLE B.  (Cont.)
JSJL 004_2 JSJL 004_2 JSJL 004_2 JSJL 004_2 JSJL 004_2 JSJL 004_2 JSJL 004_2 JSJL 004_2
Iron formation Iron formation Iron formation Iron formation Iron formation Iron formation Iron formation Iron formation
Jess Lake Jess Lake Jess Lake Jess Lake Jess Lake Jess Lake Jess Lake Jess Lake
SiO2 37.17 37.16 36.94 37.42 37.00 36.90 36.80 37.07
TiO2 --- --- --- --- --- 0.01 0.00 -0.00
Al2O3 21.50 21.84 21.49 21.67 21.49 21.61 21.55 21.72
FeO 32.67 32.46 32.61 32.81 32.51 32.53 33.02 32.96
MnO 2.41 2.39 2.37 2.36 2.42 2.42 2.44 2.32
MgO 2.50 2.43 2.33 2.34 2.40 2.38 2.23 2.33
CaO 3.65 3.62 3.62 3.74 3.72 3.76 3.68 3.72
Total 99.90 99.90 99.36 100.33 99.54 99.60 99.72 100.12
Number of atoms in formulae (oxygen basis 24)
Si 5.974 5.963 5.971 5.985 5.969 5.949 5.941 5.950
Ti --- --- --- --- --- 0.002 0.000 0.000
Al 4.074 4.130 4.095 4.085 4.086 4.106 4.101 4.110
Fe 4.391 4.356 4.408 4.389 4.386 4.386 4.459 4.425
Mn 0.328 0.325 0.324 0.320 0.331 0.330 0.334 0.315
Mg 0.600 0.580 0.562 0.557 0.578 0.571 0.536 0.557
Ca 0.629 0.623 0.627 0.641 0.643 0.649 0.637 0.640
Total 15.994 15.978 15.986 15.976 15.992 15.992 16.009 15.997
End-member calculations
Alm 82.34 82.45 82.76 82.69 82.33 82.35 82.89 82.89
Spess 6.15 6.16 6.09 6.03 6.21 6.20 6.21 5.90
Gross 5.88 5.87 5.85 5.99 6.00 6.05 5.87 5.95
Pyrope 5.64 5.51 5.30 5.29 5.46 5.40 5.03 5.26
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   TABLE B.  (Cont.)
JSJL 004_2 JSRL 003_4 JSRL 003_4 JSRL 003_4 JSRL 003_4 JSRL 003_4 JSRL 003_4 FRSL 10182_32
Iron formation Iron formation Iron formation Iron formation Iron formation Iron formation Iron formation Sulfidic quartzite
Jess Lake Robyn Lake Robyn Lake Robyn Lake Robyn Lake Robyn Lake Robyn Lake Sito East
SiO2 37.21 37.35 37.32 37.56 37.19 37.27 37.45 36.49
TiO2 0.00 0.01 0.05 0.00 0.06 0.01 --- -0.00
Al2O3 21.68 21.58 21.65 21.63 21.70 21.57 21.50 20.06
FeO 32.91 29.20 29.13 29.18 28.97 29.40 29.23 15.65
MnO 2.48 2.93 2.79 2.74 2.75 2.84 2.87 20.13
MgO 2.22 2.46 2.61 2.64 2.59 2.61 2.54 3.59
CaO 3.84 5.70 5.82 5.78 5.83 5.97 5.87 1.17
Total 100.34 99.24 99.36 99.53 99.08 99.67 99.47 97.07
Number of atoms in formulae (oxygen basis 24)
Si 5.963 5.994 5.977 6.000 5.970 5.962 5.998 8.044
Ti 0.000 0.001 0.006 0.000 0.007 0.001 --- ---
Al 4.095 4.081 4.088 4.073 4.105 4.068 4.059 5.212
Fe 4.410 3.919 3.902 3.900 3.889 3.934 3.915 2.885
Mn 0.336 0.398 0.379 0.371 0.373 0.385 0.390 3.760
Mg 0.530 0.589 0.624 0.629 0.619 0.621 0.607 1.180
Ca 0.660 0.981 0.998 0.990 1.003 1.024 1.008 0.276
Total 15.994 15.963 15.973 15.962 15.966 15.996 15.976 21.356
End-member calculations
Alm 82.57 76.93 76.73 76.87 76.76 76.63 76.70 39.28
Spess 6.30 7.82 7.45 7.31 7.37 7.50 7.64 51.19
Gross 6.10 9.26 9.45 9.41 9.52 9.58 9.48 1.99
Pyrope 5.02 6.00 6.36 6.42 6.34 6.29 6.18 7.54
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   TABLE B.  (Cont.)
FRSL 10182_32 FRSL 10182_3 FRSL 10182_3 FRSE 05-2C_1 FRSE 05-2C_1 FRSE 05-2C_1 FRSE 05-2C_1 FRSE 05-2C_3
Sulfidic quartzite Sulfidic quartzite Sulfidic quartzite Sulfidic quartzite Sulfidic quartzite Sulfidic quartzite Sulfidic quartzite Sulfidic quartzite
Sito East Sito East Sito East Sito East Sito East Sito East Sito East Sito East
SiO2 36.94 36.87 36.57 37.30 37.56 36.91 37.32 37.44
TiO2 0.01 -0.00 --- 0.03 0.06 0.00 0.02 0.00
Al2O3 20.29 20.09 20.12 20.84 20.88 20.69 21.15 21.65
FeO 12.94 12.58 14.46 22.93 23.63 24.32 23.74 22.72
MnO 23.16 23.50 22.94 13.57 12.68 12.35 12.72 13.62
MgO 3.90 4.08 3.53 3.70 3.90 3.92 3.94 3.61
CaO 0.36 0.64 0.18 1.78 1.71 1.82 1.76 1.83
Total 97.60 97.76 97.80 100.15 100.42 100.01 100.64 100.88
Number of atoms in formulae (oxygen basis 24) Number of atoms in formulae (oxygen basis 12)
Si 8.072 8.058 8.033 2.993 2.999 2.972 2.977 2.975
Ti 0.001 0.000 --- 0.002 0.003 0.000 0.001 0.000
Al 5.226 5.176 5.210 1.971 1.965 1.964 1.989 2.028
Fe 2.364 2.300 2.657 1.539 1.578 1.638 1.583 1.510
Mn 4.288 4.350 4.268 0.922 0.858 0.843 0.860 0.917
Mg 1.272 1.329 1.156 0.442 0.465 0.470 0.468 0.428
Ca 0.085 0.149 0.041 0.153 0.146 0.157 0.150 0.155
Total 21.308 21.361 21.365 8.021 8.014 8.044 8.028 8.012
End-member calculations
Alm 32.47 31.32 35.51 55.93 57.76 58.80 57.72 55.68
Spess 58.88 59.25 57.04 33.53 31.40 30.25 31.34 33.81
Gross 0.63 1.10 0.30 2.93 2.83 2.98 2.89 3.01
Pyrope 8.02 8.33 7.16 7.61 8.01 7.97 8.04 7.50
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   TABLE B.  (Cont.)
FRSE 05-2C_3 FRSE 05-2C_3 FRSE 05-2C_3 FRSW 05-1_4 FRSW 05-1_4 FRSW 05-1_1 FRSW 05-1_1 FRSW 05-1_1
Sulfidic quartzite Sulfidic quartzite Sulfidic quartzite Quartz garnetite Quartz garnetite Quartz garnetite Quartz garnetite Quartz garnetite
Sito East Sito East Sito East Sito West Sito West Sito West Sito West Sito West
SiO2 37.77 37.69 36.68 37.14 37.04 37.36 37.49 37.06
TiO2 0.00 0.03 0.02 0.00 0.03 0.03 0.00 0.00
Al2O3 21.62 21.77 21.79 21.78 21.79 21.42 21.81 21.74
FeO 23.21 23.22 22.90 31.92 32.48 33.12 32.63 32.46
MnO 13.06 12.52 13.30 4.48 4.67 5.77 4.67 4.33
MgO 3.91 4.00 3.67 4.01 3.88 2.77 3.71 4.02
CaO 1.83 2.11 1.90 0.96 0.88 1.00 0.95 0.95
Total 101.39 101.33 100.25 100.29 100.76 101.46 101.26 100.56
Number of atoms in formulae (oxygen basis 12)
Si 2.981 2.972 2.938 2.965 2.953 2.980 2.972 2.957
Ti 0.000 0.002 0.001 0.000 0.002 0.002 0.000 0.000
Al 2.012 2.024 2.056 2.050 2.047 2.014 2.039 2.045
Fe 1.532 1.531 1.533 2.131 2.165 2.210 2.163 2.166
Mn 0.873 0.836 0.902 0.303 0.315 0.390 0.314 0.292
Mg 0.460 0.470 0.439 0.477 0.461 0.329 0.438 0.478
Ca 0.155 0.178 0.163 0.082 0.075 0.085 0.081 0.082
Total 8.013 8.014 8.031 8.009 8.018 8.009 8.007 8.020
End-member calculations
Alm 56.66 57.06 56.19 78.95 79.16 78.88 79.40 79.53
Spess 32.29 31.16 33.05 11.23 11.53 13.92 11.51 10.73
Gross 3.02 3.50 3.13 1.63 1.47 1.59 1.58 1.60
Pyrope 8.03 8.28 7.63 8.20 7.83 5.61 7.51 8.14
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   TABLE B.  (Cont.)
FRSW 05-1_1 FRSW 05-1_1 FRSW 05-1_3 FRSW 05-1_3 FRSW 05-1_3 FRSE 05-2A_2 FRSE 05-2A_3 FRSE 05-2A_4
Sulfidic quartzite Sulfidic quartzite Sulfidic quartzite Sulfidic quartzite Sulfidic quartzite Nod. sill. gneiss Nod. sill. gneiss Nod. sill. gneiss
Sito West Sito West Sito West Sito West Sito West Sito East Sito East Sito East
SiO2 37.45 37.33 37.21 36.96 36.45 36.56 36.81 36.94
TiO2 0.00 0.00 0.00 0.03 0.02 0.00 0.00 0.00
Al2O3 21.78 21.74 21.74 21.55 21.42 21.26 21.46 21.34
FeO 32.59 32.37 32.13 32.22 31.98 35.82 35.62 36.80
MnO 4.43 4.27 4.37 4.93 5.24 3.09 3.01 3.31
MgO 4.19 3.82 3.78 3.47 2.88 2.21 2.71 1.68
CaO 0.95 1.05 0.96 1.03 1.29 1.04 0.81 0.78
Total 101.38 100.57 100.19 100.19 99.27 99.97 100.42 100.86
Number of atoms in formulae (oxygen basis 12)
Si 2.962 2.974 2.974 2.967 2.962 2.970 2.968 2.983
Ti 0.000 0.000 0.000 0.002 0.001 0.000 0.000 0.000
Al 2.030 2.042 2.048 2.039 2.052 2.035 2.039 2.031
Fe 2.156 2.157 2.148 2.163 2.173 2.433 2.402 2.485
Mn 0.297 0.288 0.296 0.335 0.361 0.213 0.205 0.226
Mg 0.494 0.454 0.451 0.415 0.349 0.267 0.326 0.202
Ca 0.081 0.090 0.082 0.089 0.112 0.091 0.070 0.068
Total 8.018 8.004 7.998 8.009 8.010 8.009 8.010 7.995
End-member calculations
Alm 79.15 79.76 79.63 78.94 78.76 86.22 85.80 87.35
Spess 10.89 10.65 10.96 12.23 13.07 7.54 7.33 7.96
Gross 1.59 1.77 1.63 1.71 2.12 1.66 1.31 1.22
Pyrope 8.38 7.83 7.78 7.12 6.05 4.59 5.56 3.47
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   TABLE B.  (Cont.)
FRSE 05-2A_2 FRSE 05-2A_3 FRSE 05-2A_4 FRSE 05-2A_5 FRSE 05-2A_6 FRSE 05-2A_7 FRSE 05-2A_8 FRFL 52_5
Nod. sill. gneiss Nod. sill. gneiss Nod. sill. gneiss Nod. sill. gneiss Nod. sill. gneiss Nod. sill. gneiss Nod. sill. gneiss Calc-sil gneiss
Sito East Sito East Sito East Sito East Sito East Sito East Sito East Fable Lake
SiO2 36.70 36.92 36.76 37.37 37.32 36.99 37.05 37.21
TiO2 0.00 0.00 0.03 0.00 0.03 0.00 0.00 0.04
Al2O3 21.27 21.62 21.45 21.58 21.60 21.69 21.44 21.46
FeO 36.41 35.20 35.23 35.21 35.69 34.94 35.12 8.36
MnO 3.36 2.06 1.75 1.73 1.90 1.95 2.46 22.18
MgO 1.78 4.03 4.20 3.95 4.00 3.89 3.60 3.81
CaO 1.09 0.73 0.76 0.87 0.83 0.77 0.74 6.29
Total 100.60 100.56 100.18 100.70 101.37 100.23 100.41 99.34
Number of atoms in formulae (oxygen basis 12)
Si 2.972 2.952 2.949 2.976 2.962 2.963 2.971 2.964
Ti 0.000 0.000 0.002 0.000 0.002 0.000 0.000 0.003
Al 2.029 2.038 2.028 2.026 2.021 2.047 2.027 2.015
Fe 2.465 2.354 2.364 2.346 2.369 2.341 2.355 0.557
Mn 0.230 0.139 0.119 0.116 0.128 0.132 0.167 1.496
Mg 0.215 0.481 0.502 0.469 0.473 0.464 0.430 0.452
Ca 0.094 0.062 0.065 0.074 0.070 0.066 0.064 0.537
Total 8.006 8.026 8.030 8.007 8.024 8.013 8.014 8.024
End-member calculations
Alm 86.54 85.63 85.98 86.26 86.03 85.95 85.42 21.87
Spess 8.08 5.07 4.33 4.28 4.63 4.85 6.06 58.74
Gross 1.69 1.21 1.28 1.46 1.37 1.30 1.23 10.36
Pyrope 3.69 8.08 8.41 7.99 7.97 7.90 7.28 9.03
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   TABLE B.  (Cont.)
FRFL 52_5 FRFL 52_5 FRFL 32_4 FRFL 32_4 FRFL 32_4 FRFL 32_5 FRFL 32_5 FRFL 32_5
Calc-sil gneiss Calc-sil gneiss Calc-sil gneiss Calc-sil gneiss Calc-sil gneiss Calc-sil gneiss Calc-sil gneiss Calc-sil gneiss
Fable Lake Fable Lake Fable Lake Fable Lake Fable Lake Fable Lake Fable Lake Fable Lake
SiO2 37.13 37.36 37.22 37.44 37.12 37.45 37.72 37.68
TiO2 0.06 0.08 0.02 0.06 0.02 0.06 0.07 0.11
Al2O3 20.93 20.94 21.03 21.26 21.39 21.40 21.41 21.28
FeO 8.14 7.88 8.54 8.09 8.16 8.04 8.21 8.07
MnO 21.52 21.74 22.30 22.20 22.18 23.02 22.69 22.75
MgO 3.97 3.62 4.12 3.98 3.71 3.46 3.60 3.79
CaO 6.62 6.97 5.94 6.00 6.50 5.99 6.36 5.77
Total 98.37 98.59 99.18 99.02 99.07 99.42 100.05 99.44
Number of atoms in formulae (oxygen basis 12)
Si 2.981 2.994 2.974 2.986 2.965 2.983 2.983 2.995
Ti 0.004 0.005 0.001 0.004 0.001 0.004 0.004 0.007
Al 1.981 1.978 1.980 1.998 2.014 2.009 1.996 1.993
Fe 0.547 0.528 0.571 0.539 0.545 0.535 0.543 0.537
Mn 1.464 1.476 1.509 1.500 1.501 1.553 1.520 1.531
Mg 0.476 0.433 0.491 0.473 0.442 0.411 0.424 0.449
Ca 0.569 0.598 0.509 0.512 0.557 0.512 0.539 0.491
Total 8.021 8.011 8.034 8.011 8.024 8.007 8.009 8.002
End-member calculations
Alm 21.58 20.99 22.13 21.30 21.44 21.01 21.36 21.14
Spess 57.81 58.64 58.50 59.24 58.99 60.93 59.76 60.35
Gross 11.04 11.50 9.82 10.04 10.70 9.84 10.35 9.60
Pyrope 9.57 8.88 9.54 9.42 8.88 8.23 8.52 8.91
153
   TABLE B.  (Cont.)
FRFL 32_5 FRSE 05-2B_2 FRSE 05-2B_2 FRSE 05-2B_2 FRSE 05-2B_2 FRSE 05-2B_2 FRSE 05-2B_5 FRSE 05-2B_5
Calc-sil gneiss Sulfidic quartzite Sulfidic quartzite Sulfidic quartzite Sulfidic quartzite Sulfidic quartzite Sulfidic quartzite Sulfidic quartzite
Fable Lake Sito East Sito East Sito East Sito East Sito East Sito East Sito East
SiO2 37.27 36.78 37.19 37.03 36.56 36.75 36.79 36.67
TiO2 0.06 0.00 0.00 0.00 0.02 0.00 0.02 0.00
Al2O3 21.39 21.00 21.17 21.13 21.14 21.17 20.93 21.20
FeO 8.08 32.18 32.31 32.24 31.81 32.30 32.25 31.78
MnO 22.73 5.79 5.77 5.87 5.68 5.88 6.18 5.93
MgO 3.45 3.26 3.43 3.51 2.72 3.28 2.93 3.25
CaO 6.17 0.94 0.89 0.94 1.11 0.96 0.92 1.18
Total 99.15 99.94 100.76 100.72 99.05 100.34 100.01 99.99
Number of atoms in formulae (oxygen basis 12)
Si 2.977 2.974 2.980 2.971 2.979 2.962 2.979 2.963
Ti 0.004 0.000 0.000 0.000 0.001 0.000 0.001 0.000
Al 2.014 2.001 1.999 1.998 2.030 2.011 1.998 2.019
Fe 0.540 2.176 2.165 2.163 2.167 2.178 2.184 2.147
Mn 1.538 0.396 0.392 0.399 0.392 0.402 0.424 0.406
Mg 0.411 0.393 0.409 0.419 0.331 0.394 0.354 0.391
Ca 0.528 0.081 0.076 0.081 0.097 0.083 0.080 0.102
Total 8.011 8.022 8.021 8.030 7.997 8.030 8.020 8.027
End-member calculations
Alm 21.20 77.70 77.60 77.20 78.28 77.52 77.50 76.91
Spess 60.42 14.15 14.04 14.24 14.17 14.30 15.03 14.52
Gross 10.13 1.53 1.45 1.52 1.83 1.56 1.49 1.92
Pyrope 8.25 6.62 6.90 7.03 5.72 6.62 5.98 6.65
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   TABLE B.  (Cont.)
FRSE 05-2B_5 FRSE 05-2B_5 FRSE 05-2B_5 FRSE 05-2B_5 FRSE 05-2B_5 FRSE 05-2B_5 FRSE 05-2B_5 FRSE 05-2B_5
Sulfidic quartzite Sulfidic quartzite Sulfidic quartzite Sulfidic quartzite Sulfidic quartzite Sulfidic quartzite Sulfidic quartzite Sulfidic quartzite
Sito East Sito East Sito East Sito East Sito East Sito East Sito East Sito East
SiO2 36.63 36.76 36.78 36.97 36.42 36.87 36.47 36.88
TiO2 0.01 0.01 0.00 0.01 0.04 0.00 0.04 0.00
Al2O3 20.74 21.43 20.67 21.23 21.19 20.95 20.92 21.30
FeO 32.05 32.21 32.58 32.09 31.97 32.07 32.52 31.88
MnO 5.72 5.98 5.69 5.73 5.61 5.56 5.70 5.55
MgO 3.36 3.33 3.40 3.56 3.53 3.50 3.53 3.52
CaO 1.16 0.82 1.02 1.03 1.00 1.15 1.27 1.17
Total 99.66 100.53 100.13 100.62 99.76 100.10 100.44 100.31
Number of atoms in formulae (oxygen basis 12)
Si 2.972 2.955 2.975 2.966 2.949 2.974 2.944 2.964
Ti 0.001 0.001 0.000 0.000 0.003 0.000 0.002 0.000
Al 1.984 2.030 1.971 2.007 2.022 1.992 1.991 2.017
Fe 2.175 2.165 2.204 2.153 2.164 2.163 2.196 2.143
Mn 0.393 0.407 0.390 0.390 0.385 0.380 0.390 0.378
Mg 0.406 0.399 0.409 0.425 0.426 0.421 0.424 0.422
Ca 0.101 0.070 0.088 0.088 0.087 0.099 0.110 0.101
Total 8.031 8.028 8.038 8.029 8.034 8.028 8.057 8.024
End-member calculations
Alm 75.88 77.31 77.39 77.79 77.19 77.42 77.43 77.21
Spess 15.28 13.97 14.56 13.75 13.97 13.77 13.59 13.70
Gross 1.89 1.33 1.64 1.68 1.65 1.88 2.04 1.93
Pyrope 6.82 6.72 6.82 7.16 7.16 7.10 7.05 7.16
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   TABLE B.  (Cont.)
FRSE 05-2B_5 FRSW 05-3_3 FRSW 05-3_3 FRSW 05-3_3 FRSW 05-3_3 FRSW 05-4_2 FRSW 05-4_2 FRSW 05-4_2
Sulfidic quartzite Sulf qtzite w/mgt Sulf qtzite w/mgt Sulf qtzite w/mgt Sulf qtzite w/mgt Sulfidic quartzite Sulfidic quartzite Sulfidic quartzite
Sito East Sito West Sito West Sito West Sito West Sito West Sito West Sito West
SiO2 36.37 36.64 37.20 36.82 37.38 37.08 37.18 37.23
TiO2 0.01 0.00 0.01 0.00 0.00 0.02 0.04 0.00
Al2O3 21.38 21.03 21.08 21.08 21.34 20.98 21.33 21.13
FeO 32.07 23.18 23.16 23.52 22.85 20.22 20.70 20.86
MnO 5.81 14.70 13.98 14.29 15.17 15.79 15.49 15.78
MgO 3.36 2.77 2.99 2.95 2.86 3.83 3.95 3.77
CaO 0.95 1.50 1.46 1.49 1.49 1.61 1.56 1.67
Total 99.95 99.82 99.87 100.15 101.08 99.53 100.27 100.45
Number of atoms in formulae (oxygen basis 12)
Si 2.942 2.970 2.998 2.971 2.983 2.986 2.972 2.977
Ti 0.000 0.000 0.000 0.000 0.000 0.001 0.003 0.000
Al 2.038 2.009 2.003 2.005 2.007 1.991 2.009 1.991
Fe 2.169 1.571 1.561 1.587 1.525 1.362 1.384 1.395
Mn 0.398 1.009 0.955 0.977 1.026 1.077 1.049 1.069
Mg 0.405 0.335 0.359 0.354 0.341 0.460 0.471 0.449
Ca 0.083 0.130 0.126 0.129 0.127 0.139 0.134 0.143
Total 8.035 8.024 8.001 8.024 8.009 8.016 8.021 8.025
End-member calculations
Alm 77.28 55.94 56.70 56.67 54.85 49.91 50.79 50.70
Spess 13.63 35.91 34.68 34.87 36.89 39.45 38.49 38.84
Gross 1.56 2.40 2.39 2.39 2.37 2.70 2.61 2.75
Pyrope 6.81 5.75 6.24 6.07 5.89 7.94 8.11 7.71
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   TABLE B.  (Cont.)
FRSW 05-4_2 FRSW 05-4_2 FRSW 05-4_2 FRSW 05-4_3 FRSW 05-4_3 FRSW 05-4_3 FRSW 05-4_3 FRSW 05-4_3
Sulfidic quartzite Sulfidic quartzite Sulfidic quartzite Sulfidic quartzite Sulfidic quartzite Sulfidic quartzite Sulfidic quartzite Sulfidic quartzite
Sito West Sito West Sito West Sito West Sito West Sito West Sito West Sito West
SiO2 37.42 36.66 36.63 36.46 37.18 36.50 36.41 36.65
TiO2 0.04 0.00 0.00 0.00 0.00 0.02 0.00 0.00
Al2O3 21.05 20.92 21.11 20.82 21.18 21.09 21.05 21.02
FeO 20.65 21.01 20.69 20.66 20.40 20.30 20.53 19.98
MnO 15.01 15.15 15.67 16.73 16.03 15.69 15.57 16.33
MgO 4.00 4.13 3.66 3.21 3.75 3.78 3.97 3.41
CaO 1.57 1.56 1.64 1.60 1.61 1.62 1.62 1.60
Total 99.73 99.43 99.38 99.48 100.14 98.99 99.15 99.00
Number of atoms in formulae (oxygen basis 12)
Si 2.998 2.961 2.962 2.963 2.979 2.960 2.951 2.975
Ti 0.003 0.000 0.000 0.000 0.000 0.001 0.000 0.000
Al 1.988 1.992 2.013 1.994 2.000 2.016 2.011 2.011
Fe 1.384 1.419 1.399 1.404 1.367 1.377 1.392 1.357
Mn 1.019 1.036 1.073 1.152 1.088 1.078 1.069 1.123
Mg 0.478 0.497 0.441 0.389 0.448 0.457 0.479 0.413
Ca 0.135 0.135 0.142 0.139 0.138 0.141 0.141 0.139
Total 8.003 8.040 8.030 8.040 8.020 8.030 8.043 8.018
End-member calculations
Alm 51.29 51.43 50.78 49.89 49.90 50.16 50.41 49.35
Spess 37.77 37.55 38.94 40.93 39.73 39.28 38.73 40.85
Gross 2.65 2.61 2.71 2.58 2.66 2.71 2.71 2.65
Pyrope 8.29 8.42 7.56 6.60 7.71 7.85 8.15 7.14
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   TABLE B.  (Cont.)
FRSW 05-4_5 FRSW 05-4_5 FRSW 05-4_5 FRSW 05-4_5 FRSW 05-4_5 FRSW 05-4_5 FRSW 05-4_5 FRSW 05-4_7
Sulfidic quartzite Sulfidic quartzite Sulfidic quartzite Sulfidic quartzite Sulfidic quartzite Sulfidic quartzite Sulfidic quartzite Sulfidic quartzite
Sito West Sito West Sito West Sito West Sito West Sito West Sito West Sito West
SiO2 36.66 36.84 36.39 36.45 36.41 37.24 37.19 37.62
TiO2 0.00 0.00 0.00 0.03 0.00 0.04 0.03 0.00
Al2O3 20.78 20.87 20.81 20.74 21.61 21.25 21.04 21.45
FeO 20.91 20.70 20.63 20.74 20.07 20.81 20.54 20.64
MnO 15.41 15.25 14.85 15.16 14.98 14.91 15.79 14.93
MgO 4.06 4.03 4.15 4.14 4.29 4.27 3.66 4.54
CaO 1.48 1.61 1.67 1.57 1.50 1.49 1.38 1.48
Total 99.30 99.29 98.49 98.84 98.84 100.00 99.61 100.66
Number of atoms in formulae (oxygen basis 12)
Si 2.968 2.975 2.963 2.962 2.942 2.977 2.993 2.981
Ti 0.000 0.000 0.000 0.002 0.000 0.002 0.002 0.000
Al 1.982 1.987 1.997 1.987 2.058 2.002 1.996 2.003
Fe 1.416 1.398 1.405 1.409 1.356 1.391 1.382 1.368
Mn 1.057 1.043 1.024 1.044 1.025 1.010 1.076 1.002
Mg 0.489 0.485 0.504 0.501 0.516 0.509 0.439 0.537
Ca 0.128 0.139 0.146 0.137 0.130 0.127 0.119 0.125
Total 8.040 8.029 8.038 8.042 8.027 8.017 8.006 8.016
End-member calculations
Alm 51.11 50.98 51.23 51.06 50.40 51.42 50.67 50.94
Spess 38.16 38.04 37.36 37.81 38.11 37.32 39.45 37.32
Gross 2.46 2.70 2.83 2.65 2.58 2.52 2.31 2.51
Pyrope 8.26 8.29 8.59 8.48 8.91 8.74 7.57 9.23
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   TABLE B.  (Cont.)
FRSW 05-4_7 FRSW 05-4_7 FRSW 05-4_7 FRSW 05-4_7 FRFL 64_4 FRFL 64_4 FRFL 64_4 FRFL 64_4
Sulfidic quartzite Sulfidic quartzite Sulfidic quartzite Sulfidic quartzite Sulfidic quartzite Sulfidic quartzite Sulfidic quartzite Sulfidic quartzite
Sito West Sito West Sito West Sito West Fable Lake Fable Lake Fable Lake Fable Lake
SiO2 37.27 37.06 37.37 37.16 36.55 37.05 37.20 36.98
TiO2 0.02 0.00 0.00 0.00 0.01 0.00 0.02 0.01
Al2O3 20.95 21.23 20.96 21.18 20.84 21.55 21.33 21.39
FeO 21.12 21.35 20.71 20.93 12.43 12.05 12.12 11.82
MnO 14.35 14.41 14.16 15.09 21.89 21.20 21.25 21.36
MgO 4.43 4.48 4.41 4.41 4.24 4.90 4.77 4.65
CaO 1.57 1.58 1.78 1.45 2.48 2.31 2.56 2.74
Total 99.70 100.11 99.39 100.23 98.43 99.06 99.25 98.95
Number of atoms in formulae (oxygen basis 12)
Si 2.987 2.962 2.997 2.969 2.966 2.963 2.973 2.965
Ti 0.001 0.000 0.000 0.000 0.000 0.000 0.001 0.000
Al 1.979 2.000 1.982 1.995 1.994 2.032 2.009 2.022
Fe 1.416 1.427 1.389 1.399 0.844 0.806 0.810 0.792
Mn 0.974 0.976 0.962 1.021 1.505 1.436 1.439 1.451
Mg 0.529 0.534 0.527 0.526 0.513 0.584 0.569 0.556
Ca 0.135 0.135 0.153 0.124 0.216 0.198 0.219 0.236
Total 8.021 8.034 8.010 8.034 8.036 8.019 8.021 8.022
End-member calculations
Alm 52.29 52.41 51.87 51.22 30.50 30.78 30.79 30.13
Spess 35.99 35.83 35.92 37.41 53.34 54.83 54.68 55.18
Gross 2.66 2.66 3.05 2.44 4.20 4.05 4.44 4.75
Pyrope 9.06 9.09 9.16 8.92 8.96 10.33 10.09 9.94
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   TABLE B.  (Cont.)
FRFL 64_4 FRFL 64_7 FRFL 64_7 FRFL 64_7 FRFL 64_7 FRFL 64_7 FRFL 64_2 FRFL 64_2
Sulfidic quartzite Sulfidic quartzite Sulfidic quartzite Sulfidic quartzite Sulfidic quartzite Sulfidic quartzite Sulfidic quartzite Sulfidic quartzite
Fable Lake Fable Lake Fable Lake Fable Lake Fable Lake Fable Lake Fable Lake Fable Lake
SiO2 36.68 36.97 37.12 36.92 36.88 37.00 36.90 36.69
TiO2 0.05 0.07 0.03 0.00 0.00 0.05 0.00 0.01
Al2O3 21.15 21.08 21.16 21.03 20.96 21.28 21.11 21.21
FeO 11.94 11.25 10.98 10.95 11.09 10.94 10.62 10.36
MnO 22.06 24.18 24.36 25.02 25.04 24.84 25.60 25.01
MgO 4.55 3.56 3.56 3.31 3.27 3.19 3.36 3.44
CaO 2.42 2.13 2.13 2.18 2.13 2.10 1.99 2.05
Total 98.85 99.23 99.34 99.41 99.37 99.40 99.59 98.77
Number of atoms in formulae (oxygen basis 12)
Si 2.956 2.982 2.987 2.980 2.981 2.982 2.974 2.973
Ti 0.003 0.005 0.002 0.000 0.000 0.003 0.000 0.001
Al 2.009 2.004 2.007 2.001 1.997 2.022 2.006 2.026
Fe 0.805 0.759 0.739 0.739 0.750 0.737 0.716 0.702
Mn 1.506 1.652 1.660 1.711 1.714 1.695 1.748 1.717
Mg 0.547 0.427 0.427 0.399 0.394 0.384 0.404 0.415
Ca 0.209 0.184 0.184 0.189 0.185 0.181 0.172 0.178
Total 8.034 8.012 8.006 8.017 8.021 8.004 8.020 8.012
End-member calculations
Alm 30.05 27.98 27.37 26.98 27.27 27.19 26.06 25.90
Spess 56.25 60.95 61.51 62.45 62.35 62.53 63.64 63.34
Gross 4.14 3.54 3.56 3.57 3.49 3.46 3.26 3.43
Pyrope 9.57 7.53 7.56 7.00 6.90 6.81 7.04 7.33
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   TABLE B.  (Cont.)
FRFL 64_2 FRFL 64_2 FRFL 64_2 FRFL 64_2 FRFL 64_3 FRFL 64_3 FRFL 64_3 FRFL 64_3
Sulfidic quartzite Sulfidic quartzite Sulfidic quartzite Sulfidic quartzite Sulfidic quartzite Sulfidic quartzite Sulfidic quartzite Sulfidic quartzite
Fable Lake Fable Lake Fable Lake Fable Lake Fable Lake Fable Lake Fable Lake Fable Lake
SiO2 36.59 37.79 36.81 36.68 37.08 37.38 37.19 37.12
TiO2 0.00 0.00 0.00 0.00 0.00 0.05 0.00 0.00
Al2O3 20.92 20.54 21.12 20.78 21.18 21.22 21.17 21.59
FeO 10.69 10.49 10.78 10.49 10.98 11.07 11.02 10.86
MnO 24.95 24.72 24.67 25.03 23.40 23.28 22.90 23.15
MgO 3.43 3.72 3.68 3.51 4.19 4.41 4.39 4.16
CaO 1.99 2.05 2.17 2.13 2.65 2.55 2.67 2.64
Total 98.56 99.31 99.23 98.61 99.48 99.97 99.33 99.53
Number of atoms in formulae (oxygen basis 12)
Si 2.977 3.036 2.970 2.981 2.972 2.977 2.978 2.967
Ti 0.000 0.000 0.000 0.000 0.000 0.003 0.000 0.000
Al 2.006 1.945 2.008 1.991 2.001 1.992 1.999 2.034
Fe 0.727 0.705 0.728 0.713 0.736 0.738 0.738 0.726
Mn 1.719 1.683 1.686 1.723 1.589 1.570 1.553 1.567
Mg 0.416 0.446 0.442 0.425 0.500 0.524 0.524 0.496
Ca 0.174 0.177 0.188 0.185 0.228 0.218 0.229 0.226
Total 8.018 7.991 8.022 8.018 8.026 8.022 8.021 8.016
End-member calculations
Alm 26.57 26.18 26.72 26.07 27.45 27.62 27.74 27.42
Spess 62.84 62.50 61.93 62.97 59.24 58.82 58.40 59.20
Gross 3.31 3.45 3.61 3.53 4.46 4.31 4.55 4.49
Pyrope 7.27 7.87 7.74 7.43 8.85 9.25 9.31 8.89
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   TABLE B.  (Cont.)
FRFL 64_3 FRFL 55_x FRFL 55_x FRFL 55_x FRFL 55_4 FRFL 55_4 FRFM 4A_1 FRFM 4A_1
Sulfidic quartzite Sulfidic quartzite Sulfidic quartzite Sulfidic quartzite Sulfidic quartzite Sulfidic quartzite Quartz garnetite Quartz garnetite
Fable Lake Fable Lake Fable Lake Fable Lake Fable Lake Fable Lake Fable Lake Fable Lake
SiO2 36.44 36.76 37.36 37.24 37.02 37.01 37.60 36.52
TiO2 0.01 0.00 0.00 0.00 0.00 0.01 0.00 0.02
Al2O3 21.20 21.53 21.68 21.33 21.48 21.41 21.56 21.93
FeO 10.74 23.07 22.76 23.23 22.66 23.04 37.11 35.65
MnO 24.65 13.61 12.99 13.54 12.96 13.70 0.61 0.55
MgO 3.65 3.26 4.08 3.31 3.93 3.39 3.57 3.68
CaO 2.39 1.41 1.48 1.49 1.51 1.48 0.97 0.91
Total 99.07 99.63 100.34 100.14 99.56 100.04 101.41 99.25
Number of atoms in formulae (oxygen basis 12)
Si 2.950 2.964 2.974 2.986 2.972 2.972 2.984 2.949
Ti 0.001 0.000 0.000 0.000 0.000 0.001 0.000 0.001
Al 2.023 2.047 2.034 2.016 2.033 2.026 2.016 2.087
Fe 0.727 1.556 1.515 1.558 1.521 1.548 2.463 2.408
Mn 1.691 0.930 0.876 0.920 0.881 0.932 0.041 0.037
Mg 0.440 0.392 0.484 0.396 0.470 0.406 0.423 0.443
Ca 0.207 0.121 0.126 0.128 0.130 0.127 0.082 0.079
Total 8.038 8.010 8.008 8.005 8.007 8.012 8.009 8.004
End-member calculations
Alm 26.57 56.87 56.45 57.00 56.52 56.49 89.70 89.39
Spess 61.78 33.99 32.64 33.65 32.73 34.03 1.49 1.38
Gross 3.95 2.33 2.50 2.46 2.57 2.43 1.59 1.57
Pyrope 7.70 6.81 8.41 6.89 8.18 7.04 7.22 7.66
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   TABLE B.  (Cont.)
FRFM 4A_1 FRFM 4A_1 FRFM 4A_1 FRFM 4A_2 FRFM 4A_2 FRFM 4A_2 FRFM 4A_2 FRFM 4D_3
Quartz garnetite Quartz garnetite Quartz garnetite Quartz garnetite Quartz garnetite Quartz garnetite Quartz garnetite Quartz garnetite
Fable Lake Fable Lake Fable Lake Fable Lake Fable Lake Fable Lake Fable Lake Fable Lake
SiO2 37.13 37.15 36.69 36.81 36.69 36.65 37.04 36.73
TiO2 0.03 0.00 0.00 0.01 0.03 0.01 0.03 0.02
Al2O3 21.28 21.13 21.26 20.87 21.48 21.54 21.17 21.13
FeO 36.81 36.44 36.99 36.16 36.69 36.23 36.62 34.87
MnO 0.61 0.64 0.58 0.85 0.80 0.83 0.78 1.61
MgO 3.67 3.80 3.43 3.26 3.47 3.71 3.57 4.12
CaO 0.91 0.96 0.95 1.02 1.03 0.96 0.95 1.10
Total 100.45 100.12 99.91 98.98 100.17 99.92 100.14 99.59
Number of atoms in formulae (oxygen basis 12)
Si 2.976 2.983 2.963 2.996 2.954 2.953 2.980 2.963
Ti 0.002 0.000 0.000 0.001 0.002 0.001 0.002 0.001
Al 2.011 2.000 2.024 2.002 2.039 2.045 2.007 2.009
Fe 2.468 2.448 2.498 2.461 2.471 2.441 2.464 2.352
Mn 0.042 0.044 0.040 0.059 0.054 0.056 0.053 0.110
Mg 0.439 0.455 0.413 0.395 0.416 0.446 0.428 0.495
Ca 0.078 0.083 0.082 0.089 0.089 0.082 0.082 0.095
Total 8.015 8.012 8.020 8.003 8.025 8.023 8.015 8.027
End-member calculations
Alm 89.55 89.08 90.02 89.38 89.26 88.78 89.25 85.75
Spess 1.51 1.59 1.42 2.14 1.97 2.05 1.91 4.02
Gross 1.50 1.60 1.56 1.70 1.70 1.60 1.57 1.86
Pyrope 7.44 7.73 7.00 6.78 7.07 7.57 7.27 8.37
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   TABLE B.  (Cont.)
FRFM 4D_3 FRFM 4D_3 FRFM 4D_3 FRFM 4D_4 FRFM 4D_4 FRFM 4D_4 FRFM 4D_4 FRFM 4D_4
Quartz garnetite Quartz garnetite Quartz garnetite Quartz garnetite Quartz garnetite Quartz garnetite Quartz garnetite Quartz garnetite
Fable Lake Fable Lake Fable Lake Fable Lake Fable Lake Fable Lake Fable Lake Fable Lake
SiO2 36.51 36.51 36.23 36.61 36.50 36.48 37.89 36.94
TiO2 0.04 0.03 0.00 0.00 0.00 0.00 0.02 0.00
Al2O3 20.75 20.61 20.68 20.99 20.75 20.82 21.75 20.93
FeO 35.44 34.93 35.26 34.40 34.65 34.51 34.66 34.75
MnO 1.69 1.64 1.72 1.47 1.41 1.40 1.44 1.26
MgO 4.07 4.05 3.99 4.46 4.40 4.67 4.94 4.55
CaO 1.00 1.04 1.03 0.94 0.95 0.98 1.04 1.00
Total 99.51 98.81 98.91 98.87 98.67 98.86 101.72 99.43
Number of atoms in formulae (oxygen basis 12)
Si 2.961 2.975 2.957 2.968 2.971 2.961 2.973 2.977
Ti 0.002 0.002 0.000 0.000 0.000 0.000 0.001 0.000
Al 1.983 1.979 1.990 2.006 1.991 1.992 2.012 1.988
Fe 2.403 2.380 2.407 2.333 2.359 2.343 2.274 2.342
Mn 0.116 0.114 0.119 0.101 0.097 0.096 0.095 0.086
Mg 0.492 0.492 0.485 0.539 0.534 0.565 0.578 0.547
Ca 0.087 0.091 0.090 0.081 0.083 0.085 0.087 0.086
Total 8.045 8.034 8.048 8.028 8.034 8.042 8.021 8.027
End-member calculations
Alm 86.01 85.90 85.98 85.61 85.91 85.40 84.86 85.93
Spess 4.15 4.10 4.24 3.71 3.54 3.51 3.56 3.16
Gross 1.67 1.76 1.72 1.62 1.63 1.68 1.77 1.72
Pyrope 8.17 8.24 8.06 9.06 8.92 9.41 9.81 9.19
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   TABLE B.  (Cont.)
FRFM 4B_1 FRFM 4B_1 FRFM 4B_1 FRFM 4B_1 FRFM 4B_2 FRFM 4B_2 FRFM 4B_2 FRFM 4B_2
Quartz garnetite Quartz garnetite Quartz garnetite Quartz garnetite Quartz garnetite Quartz garnetite Quartz garnetite Quartz garnetite
Fable Lake Fable Lake Fable Lake Fable Lake Fable Lake Fable Lake Fable Lake Fable Lake
SiO2 36.51 36.72 36.31 36.07 36.72 36.89 36.67 36.47
TiO2 0.04 0.03 0.05 0.00 0.00 0.00 0.00 0.02
Al2O3 21.08 20.63 20.80 21.18 20.84 20.98 20.73 20.97
FeO 35.35 35.74 35.17 35.30 35.62 34.92 35.51 35.36
MnO 1.56 1.54 1.49 1.50 1.59 1.44 1.52 1.62
MgO 3.77 3.73 3.91 3.93 3.90 3.85 3.74 3.76
CaO 1.04 1.01 1.01 1.02 1.14 1.16 1.15 1.09
Total 99.36 99.40 98.74 99.01 99.80 99.24 99.32 99.27
Number of atoms in formulae (oxygen basis 12)
Si 2.961 2.980 2.962 2.937 2.968 2.985 2.976 2.962
Ti 0.003 0.002 0.003 0.000 0.000 0.000 0.000 0.001
Al 2.015 1.974 2.001 2.033 1.985 2.001 1.983 2.007
Fe 2.398 2.426 2.400 2.404 2.408 2.363 2.410 2.402
Mn 0.107 0.106 0.103 0.104 0.109 0.099 0.104 0.111
Mg 0.456 0.451 0.475 0.477 0.469 0.464 0.453 0.455
Ca 0.090 0.088 0.089 0.089 0.098 0.100 0.100 0.094
Total 8.029 8.028 8.032 8.044 8.038 8.012 8.027 8.032
End-member calculations
Alm 86.69 86.96 86.60 86.56 86.37 86.49 86.70 86.52
Spess 3.88 3.80 3.72 3.73 3.90 3.62 3.76 4.01
Gross 1.74 1.68 1.71 1.72 1.88 1.96 1.91 1.81
Pyrope 7.69 7.56 7.98 7.99 7.86 7.93 7.63 7.66
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   TABLE B.  (Cont.)
FRFM 4B_x FRFM 4B_x FRFM 4B_x FRFM 4B_x FRFM 4B_x FRFM 4B_x FRFM 4B_1 FRFM 4B_1
Quartz garnetite Quartz garnetite Quartz garnetite Quartz garnetite Quartz garnetite Quartz garnetite Quartz garnetite Quartz garnetite
Fable Lake Fable Lake Fable Lake Fable Lake Fable Lake Fable Lake Fable Lake Fable Lake
SiO2 36.69 36.91 36.54 36.46 36.79 37.83 36.28 36.30
TiO2 0.02 0.01 0.00 0.00 0.02 0.00 0.11 0.00
Al2O3 21.11 20.86 21.08 20.78 21.16 21.39 20.80 20.93
FeO 34.83 35.02 34.33 35.01 34.93 34.38 36.39 35.61
MnO 1.58 1.56 1.59 1.53 1.53 1.57 1.38 1.41
MgO 4.01 4.17 4.11 4.25 4.22 4.18 3.43 3.71
CaO 0.98 1.10 1.01 0.92 1.02 1.13 0.93 0.99
Total 99.23 99.64 98.67 98.94 99.65 100.46 99.31 98.94
Number of atoms in formulae (oxygen basis 12)
Si 2.970 2.978 2.970 2.965 2.965 3.006 2.957 2.960
Ti 0.001 0.000 0.000 0.000 0.001 0.000 0.007 0.000
Al 2.014 1.984 2.020 1.991 2.010 2.004 1.998 2.012
Fe 2.358 2.363 2.334 2.381 2.354 2.285 2.480 2.428
Mn 0.108 0.106 0.110 0.105 0.104 0.106 0.095 0.097
Mg 0.484 0.502 0.498 0.515 0.506 0.495 0.417 0.450
Ca 0.085 0.095 0.088 0.080 0.088 0.096 0.081 0.087
Total 8.020 8.028 8.020 8.037 8.028 7.991 8.035 8.034
End-member calculations
Alm 86.18 85.84 85.77 86.06 85.93 85.54 88.13 87.28
Spess 3.96 3.86 4.03 3.80 3.81 3.95 3.37 3.50
Gross 1.66 1.85 1.74 1.56 1.72 1.93 1.52 1.66
Pyrope 8.19 8.45 8.47 8.58 8.54 8.57 6.97 7.57
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   TABLE B.  (Cont.)
FRFM 4B_1 FRFM 4B_1 FRFM 4B_1 FRFM 4B_1 FRFM 4B_2 FRFM 4B_2 FRFM 4B_2 FRFM 4B_2
Quartz garnetite Quartz garnetite Quartz garnetite Quartz garnetite Quartz garnetite Quartz garnetite Quartz garnetite Quartz garnetite
Fable Lake Fable Lake Fable Lake Fable Lake Fable Lake Fable Lake Fable Lake Fable Lake
SiO2 36.24 36.37 35.95 36.43 35.86 36.16 36.76 36.49
TiO2 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Al2O3 21.04 21.01 21.97 20.78 20.64 21.08 20.99 20.92
FeO 35.59 35.64 35.12 35.60 36.11 35.93 35.67 35.53
MnO 1.35 1.38 1.43 1.38 1.39 1.36 1.35 1.41
MgO 3.82 3.71 3.59 3.67 3.51 3.46 3.52 3.52
CaO 1.03 1.01 0.96 1.00 0.98 0.96 0.99 0.96
Total 99.08 99.13 99.01 98.86 98.48 98.94 99.28 98.82
Number of atoms in formulae (oxygen basis 12)
Si 2.950 2.959 2.919 2.972 2.950 2.952 2.982 2.976
Ti 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
Al 2.019 2.014 2.103 1.998 2.001 2.028 2.007 2.010
Fe 2.423 2.424 2.385 2.428 2.484 2.453 2.420 2.423
Mn 0.093 0.095 0.099 0.096 0.097 0.094 0.093 0.097
Mg 0.463 0.450 0.434 0.446 0.430 0.421 0.426 0.428
Ca 0.090 0.088 0.084 0.088 0.086 0.084 0.086 0.083
Total 8.038 8.031 8.024 8.026 8.049 8.032 8.013 8.017
End-member calculations
Alm 87.15 87.30 87.32 87.38 87.82 87.94 87.73 87.63
Spess 3.36 3.43 3.61 3.44 3.43 3.37 3.37 3.52
Gross 1.72 1.69 1.63 1.68 1.62 1.60 1.65 1.60
Pyrope 7.78 7.58 7.44 7.50 7.14 7.10 7.25 7.25
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   TABLE B.  (Cont.)
FRFM 4B_2 FRFM 4B_2 FRFM 4B_4 FRFM 4B_4 FRFM 4B_4 FRFM 4B_4 FRFM 4B_4 FRFM 4B_4
Quartz garnetite Quartz garnetite Quartz garnetite Quartz garnetite Quartz garnetite Quartz garnetite Quartz garnetite Quartz garnetite
Fable Lake Fable Lake Fable Lake Fable Lake Fable Lake Fable Lake Fable Lake Fable Lake
SiO2 36.23 36.33 36.14 36.30 36.38 36.60 35.98 36.09
TiO2 0.00 0.01 0.00 0.00 0.00 0.00 0.00 0.00
Al2O3 20.78 20.67 21.18 20.51 20.60 20.94 20.86 20.90
FeO 35.76 36.38 35.99 35.76 36.31 36.08 36.34 35.64
MnO 1.45 1.25 1.37 1.40 1.41 1.40 1.39 1.43
MgO 3.52 3.13 3.31 3.42 3.61 3.56 3.59 3.47
CaO 1.02 0.97 0.96 1.03 0.97 1.01 1.00 1.04
Total 98.75 98.74 98.94 98.41 99.28 99.59 99.16 98.57
Number of atoms in formulae (oxygen basis 12)
Si 2.964 2.977 2.951 2.980 2.965 2.967 2.940 2.957
Ti 0.000 0.001 0.000 0.000 0.000 0.000 0.000 0.000
Al 2.004 1.996 2.038 1.985 1.980 2.001 2.010 2.019
Fe 2.447 2.493 2.457 2.455 2.476 2.446 2.484 2.442
Mn 0.101 0.087 0.095 0.097 0.097 0.096 0.096 0.100
Mg 0.429 0.383 0.402 0.418 0.439 0.430 0.437 0.424
Ca 0.089 0.085 0.084 0.091 0.085 0.088 0.088 0.091
Total 8.034 8.021 8.026 8.027 8.042 8.028 8.055 8.032
End-member calculations
Alm 87.51 88.85 88.21 87.77 87.68 87.65 87.72 87.56
Spess 3.60 3.09 3.40 3.47 3.44 3.45 3.39 3.57
Gross 1.69 1.59 1.58 1.72 1.60 1.67 1.64 1.73
Pyrope 7.21 6.46 6.81 7.04 7.28 7.23 7.25 7.15
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   TABLE B.  (Cont.)
FRFM 4B_4 FRFM 4B_5 FRFM 4B_5 FRFM 4B_5 FRFM 4B_5 FRFM 4B_5 FR4DD_1 FR4DD_1
Quartz garnetite Quartz garnetite Quartz garnetite Quartz garnetite Quartz garnetite Quartz garnetite Quartz garnetite Quartz garnetite
Fable Lake Fable Lake Fable Lake Fable Lake Fable Lake Fable Lake Fable Lake Fable Lake
SiO2 36.54 36.84 36.64 36.80 36.60 36.76 36.26 35.86
TiO2 0.04 0.01 0.02 0.01 0.02 0.02 0.00 0.00
Al2O3 21.08 20.96 20.91 20.88 20.64 20.82 20.46 20.39
FeO 36.33 34.71 34.74 34.70 34.97 34.92 36.91 37.06
MnO 1.34 1.38 1.34 1.36 1.30 1.35 0.82 0.74
MgO 3.56 4.10 4.24 4.36 4.24 4.27 3.75 3.68
CaO 1.01 1.06 1.14 1.07 1.11 0.99 0.96 0.88
Total 99.91 99.07 99.04 99.17 98.88 99.12 99.15 98.61
Number of atoms in formulae (oxygen basis 12)
Si 2.956 2.982 2.970 2.977 2.975 2.977 2.962 2.950
Ti 0.003 0.001 0.001 0.001 0.001 0.001 0.000 0.000
Al 2.010 2.000 1.997 1.991 1.978 1.988 1.970 1.977
Fe 2.458 2.350 2.355 2.347 2.377 2.365 2.522 2.550
Mn 0.092 0.095 0.092 0.093 0.089 0.093 0.056 0.051
Mg 0.430 0.495 0.513 0.526 0.514 0.515 0.457 0.452
Ca 0.087 0.092 0.099 0.093 0.097 0.086 0.084 0.078
Total 8.035 8.015 8.028 8.027 8.031 8.024 8.051 8.058
End-member calculations
Alm 87.85 86.29 86.03 85.92 86.25 86.28 88.91 89.35
Spess 3.28 3.48 3.36 3.40 3.24 3.37 1.99 1.80
Gross 1.66 1.82 1.95 1.83 1.88 1.68 1.57 1.45
Pyrope 7.21 8.42 8.66 8.86 8.62 8.66 7.53 7.39
169
   TABLE B.  (Cont.)
FR4DD_1 FR4DD_1 FR4DD_1 FR4DD_1 FR4DD_1 FR4DD_1 FR4DD_1 FR4DD_1
Quartz garnetite Quartz garnetite Quartz garnetite Quartz garnetite Quartz garnetite Quartz garnetite Quartz garnetite Quartz garnetite
Fable Lake Fable Lake Fable Lake Fable Lake Fable Lake Fable Lake Fable Lake Fable Lake
SiO2 36.55 36.17 36.88 36.05 36.41 36.17 36.47 36.07
TiO2 0.01 0.08 0.02 0.00 0.03 0.02 0.00 0.00
Al2O3 20.88 20.72 21.29 20.83 21.02 21.02 20.75 20.38
FeO 36.70 36.88 36.91 36.42 36.86 36.65 36.59 37.48
MnO 0.84 0.81 0.76 0.71 0.82 0.76 0.79 0.84
MgO 3.82 3.73 3.69 3.79 3.75 3.79 3.86 3.45
CaO 0.97 0.96 0.95 0.99 0.90 0.93 0.92 0.87
Total 99.77 99.34 100.50 98.79 99.79 99.35 99.39 99.08
Number of atoms in formulae (oxygen basis 12)
Si 2.960 2.948 2.959 2.948 2.950 2.942 2.963 2.957
Ti 0.000 0.005 0.001 0.000 0.002 0.001 0.000 0.000
Al 1.993 1.990 2.014 2.008 2.007 2.016 1.987 1.970
Fe 2.486 2.514 2.477 2.490 2.497 2.493 2.486 2.570
Mn 0.058 0.056 0.051 0.049 0.056 0.053 0.055 0.059
Mg 0.461 0.453 0.442 0.462 0.453 0.460 0.468 0.422
Ca 0.085 0.084 0.081 0.087 0.078 0.081 0.080 0.077
Total 8.043 8.049 8.025 8.043 8.043 8.046 8.039 8.054
End-member calculations
Alm 88.66 88.96 89.16 88.90 88.98 88.93 88.74 89.63
Spess 2.06 1.97 1.85 1.76 2.01 1.88 1.95 2.04
Gross 1.61 1.58 1.56 1.65 1.49 1.55 1.53 1.42
Pyrope 7.67 7.49 7.44 7.69 7.53 7.65 7.78 6.91
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   TABLE B.  (Cont.)
FR4DD_1 FR4DD_1 FR4DD_1 FR4DD_1 FR4DD_2 FR4DD_2 FR4DD_2 FR4DD_2
Quartz garnetite Quartz garnetite Quartz garnetite Quartz garnetite Quartz garnetite Quartz garnetite Quartz garnetite Quartz garnetite
Fable Lake Fable Lake Fable Lake Fable Lake Fable Lake Fable Lake Fable Lake Fable Lake
SiO2 36.29 36.92 36.22 36.32 36.06 36.99 36.75 36.17
TiO2 0.05 0.08 0.00 0.02 0.00 0.04 0.01 0.03
Al2O3 20.66 21.02 20.65 20.79 21.12 21.11 20.91 20.88
FeO 37.99 37.20 36.78 36.71 37.03 37.30 37.02 36.76
MnO 0.77 0.78 0.88 0.83 0.79 0.73 0.79 0.73
MgO 3.24 3.51 3.42 3.85 3.46 3.51 3.52 3.57
CaO 0.89 0.91 0.98 0.78 0.95 0.97 0.94 1.00
Total 99.90 100.43 98.93 99.29 99.42 100.64 99.94 99.14
Number of atoms in formulae (oxygen basis 12)
Si 2.954 2.971 2.964 2.956 2.938 2.970 2.973 2.951
Ti 0.003 0.005 0.000 0.001 0.000 0.002 0.000 0.002
Al 1.983 1.994 1.991 1.994 2.029 1.998 1.994 2.008
Fe 2.586 2.504 2.517 2.499 2.523 2.505 2.504 2.508
Mn 0.053 0.053 0.061 0.057 0.055 0.050 0.054 0.051
Mg 0.394 0.421 0.417 0.467 0.421 0.420 0.424 0.434
Ca 0.078 0.079 0.086 0.068 0.083 0.083 0.082 0.087
Total 8.050 8.027 8.035 8.042 8.048 8.027 8.030 8.041
End-member calculations
Alm 90.24 89.53 89.26 88.95 89.49 89.59 89.41 89.30
Spess 1.84 1.91 2.17 2.03 1.94 1.77 1.94 1.81
Gross 1.43 1.49 1.61 1.29 1.55 1.58 1.54 1.65
Pyrope 6.49 7.07 6.96 7.72 7.01 7.05 7.11 7.25
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   TABLE B.  (Cont.)
FR4DD_2 FR4DD_2 FR4DD_2 FR4DD_2 FR4DD_2 FR4DD_2 FR4DD_2 FR4DD_2
Quartz garnetite Quartz garnetite Quartz garnetite Quartz garnetite Quartz garnetite Quartz garnetite Quartz garnetite Quartz garnetite
Fable Lake Fable Lake Fable Lake Fable Lake Fable Lake Fable Lake Fable Lake Fable Lake
SiO2 36.51 36.07 35.98 36.57 36.16 36.19 36.20 36.34
TiO2 0.00 0.01 0.00 0.00 0.01 0.00 0.00 0.00
Al2O3 21.27 20.92 20.78 20.64 20.92 20.68 21.11 20.95
FeO 36.56 37.00 36.77 37.20 36.60 36.81 36.74 36.83
MnO 0.82 0.80 0.85 0.78 0.68 0.77 0.74 0.77
MgO 3.48 3.50 3.63 3.60 3.68 3.74 3.72 3.60
CaO 0.98 0.93 1.00 0.90 0.89 0.98 0.98 0.99
Total 99.62 99.22 99.02 99.70 98.94 99.17 99.49 99.49
Number of atoms in formulae (oxygen basis 12)
Si 2.957 2.945 2.943 2.970 2.953 2.954 2.941 2.954
Ti 0.000 0.001 0.000 0.000 0.001 0.000 0.000 0.000
Al 2.031 2.014 2.004 1.976 2.014 1.990 2.022 2.007
Fe 2.477 2.526 2.516 2.526 2.500 2.512 2.497 2.503
Mn 0.056 0.055 0.059 0.054 0.047 0.053 0.051 0.053
Mg 0.421 0.426 0.443 0.436 0.449 0.455 0.451 0.437
Ca 0.085 0.081 0.088 0.079 0.078 0.086 0.086 0.086
Total 8.027 8.047 8.053 8.040 8.040 8.049 8.046 8.039
End-member calculations
Alm 89.24 89.45 88.93 89.39 89.34 88.98 89.04 89.19
Spess 2.02 1.95 2.08 1.91 1.68 1.88 1.82 1.89
Gross 1.62 1.52 1.65 1.48 1.49 1.62 1.63 1.63
Pyrope 7.12 7.08 7.34 7.23 7.49 7.53 7.51 7.29
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   TABLE B.  (Cont.)
FR4DD_2 FR4DD_2 FR4DD_2 FR4DD_3 FR4DD_3 FR4DD_3 FR4DD_3 FR4DD_3
Quartz garnetite Quartz garnetite Quartz garnetite Quartz garnetite Quartz garnetite Quartz garnetite Quartz garnetite Quartz garnetite
Fable Lake Fable Lake Fable Lake Fable Lake Fable Lake Fable Lake Fable Lake Fable Lake
SiO2 36.32 36.03 36.52 36.52 35.79 35.96 36.37 36.39
TiO2 0.00 0.00 0.00 0.00 0.00 0.00 0.03 0.01
Al2O3 20.88 20.76 21.01 20.75 20.97 20.68 21.11 21.09
FeO 36.78 36.60 36.83 37.13 36.66 37.49 37.25 37.02
MnO 0.75 0.79 0.74 0.77 0.85 0.73 0.77 0.87
MgO 3.66 3.62 3.58 3.54 3.54 3.69 3.58 3.73
CaO 0.92 0.94 0.96 0.89 0.83 0.87 0.86 0.81
Total 99.32 98.73 99.64 99.60 98.65 99.42 99.98 99.91
Number of atoms in formulae (oxygen basis 12)
Si 2.956 2.953 2.961 2.968 2.937 2.937 2.944 2.946
Ti 0.000 0.000 0.000 0.000 0.000 0.000 0.002 0.000
Al 2.002 2.005 2.008 1.987 2.029 1.991 2.014 2.013
Fe 2.503 2.508 2.497 2.523 2.516 2.561 2.522 2.507
Mn 0.051 0.055 0.051 0.053 0.059 0.050 0.053 0.060
Mg 0.445 0.442 0.432 0.429 0.433 0.450 0.432 0.450
Ca 0.081 0.082 0.083 0.078 0.073 0.076 0.075 0.070
Total 8.038 8.044 8.032 8.038 8.047 8.065 8.042 8.046
End-member calculations
Alm 89.23 89.15 89.34 89.52 89.33 89.48 89.53 89.10
Spess 1.83 1.94 1.83 1.88 2.09 1.76 1.88 2.12
Gross 1.53 1.55 1.58 1.47 1.38 1.42 1.41 1.33
Pyrope 7.41 7.35 7.25 7.13 7.20 7.34 7.18 7.45
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   TABLE B.  (Cont.)
FR4DD_3 FR4DD_3 FRSL 10403_1 FRSL 10403_1 FRSL 10403_1 FRSL 10403_3 FRSL 10403_3 FRSL 10403_3
Quartz garnetite Quartz garnetite Sulfidic quartzite Sulfidic quartzite Sulfidic quartzite Sulfidic quartzite Sulfidic quartzite Sulfidic quartzite
Fable Lake Fable Lake Unn_George3 Unn_George Unn_George Unn_George Unn_George Unn_George
SiO2 36.02 36.33 37.58 37.43 37.34 37.39 37.47 37.04
TiO2 0.00 0.03 0.04 0.00 --- 0.04 0.05 0.03
Al2O3 20.86 20.72 22.44 22.57 22.44 22.61 22.40 22.26
FeO 37.12 37.35 31.51 30.30 31.59 31.73 31.68 32.45
MnO 0.90 0.86 3.92 3.65 4.09 4.01 3.97 4.73
MgO 3.56 3.32 4.05 4.43 4.03 3.98 3.94 3.26
CaO 0.92 0.93 1.61 2.08 1.47 1.45 1.42 1.28
Total 99.37 99.52 101.14 100.46 100.96 101.21 100.94 101.03
Number of atoms in formulae (oxygen basis 12) (oxygen basis 24)
Si 2.939 2.959 5.922 5.908 5.904 5.894 5.922 5.892
Ti 0.000 0.002 0.005 0.000 --- 0.005 0.006 0.003
Al 2.006 1.989 4.168 4.199 4.182 4.201 4.172 4.174
Fe 2.533 2.544 4.153 3.999 4.178 4.183 4.187 4.318
Mn 0.062 0.059 0.523 0.488 0.548 0.536 0.532 0.637
Mg 0.433 0.403 0.950 1.043 0.949 0.935 0.929 0.773
Ca 0.081 0.081 0.272 0.352 0.250 0.244 0.240 0.218
Total 8.054 8.037 15.992 15.989 16.010 15.998 15.988 16.015
End-member calculations
Alm 89.16 89.70 78.87 77.48 78.80 79.14 79.28 79.43
Spess 2.18 2.09 9.94 9.45 10.33 10.13 10.07 11.71
Gross 1.50 1.51 2.74 3.64 2.51 2.46 2.42 2.11
Pyrope 7.15 6.70 8.45 9.43 8.37 8.27 8.22 6.75
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   TABLE B.  (Cont.)
FRSL 10213 FRSL 10213 FRSL 10213 FRSL 10213 FRSL 10247B_1 FRSL 10247B_1 FRSL 10247B_1 FRSL 10247B_1
Sillimanite gneiss Sillimanite gneiss Sillimanite gneiss Sillimanite gneiss Mag-sill gneiss Mag-sill gneiss Mag-sill gneiss Mag-sill gneiss
Sito East Sito East Sito East Sito East Sito East Sito East Sito East Sito East
SiO2 37.22 36.44 35.86 37.44 36.50 37.10 37.21 37.29
TiO2 --- --- --- 0.01 0.03 0.03 0.01 ---
Al2O3 22.58 22.17 21.99 22.35 22.20 22.42 22.21 22.27
FeO 33.72 33.16 33.34 33.87 24.32 24.53 24.16 24.35
MnO 4.30 4.33 4.05 4.14 13.52 13.75 13.87 13.53
MgO 3.03 3.21 3.22 3.37 2.47 2.71 2.82 2.65
CaO 1.17 1.28 1.19 1.25 1.25 1.00 1.03 1.06
Total 102.01 100.59 99.65 102.44 100.30 101.53 101.30 101.15
Number of atoms in formulae (oxygen basis 24)
Si 5.879 5.845 5.817 5.886 5.875 5.891 5.916 5.933
Ti --- --- --- 0.002 0.004 0.004 0.001 ---
Al 4.204 4.191 4.205 4.143 4.211 4.195 4.163 4.178
Fe 4.455 4.449 4.523 4.454 3.274 3.258 3.212 3.241
Mn 0.576 0.589 0.557 0.552 1.844 1.849 1.869 1.824
Mg 0.713 0.768 0.778 0.790 0.592 0.640 0.668 0.628
Ca 0.198 0.220 0.206 0.210 0.216 0.170 0.175 0.180
Total 16.024 16.061 16.086 16.037 16.015 16.007 16.002 15.984
End-member calculations
Alm 81.38 80.63 81.39 81.12 59.37 59.20 58.50 59.36
Spess 10.52 10.67 10.02 10.05 33.43 33.61 34.03 33.40
Gross 1.89 2.09 1.95 2.01 2.02 1.61 1.66 1.72
Pyrope 6.21 6.62 6.64 6.81 5.18 5.57 5.81 5.52
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   TABLE B.  (Cont.)
FRSL 10247B_1 FRSL 10247B_2 FRSL 10247B_2 FRSL 10247B_2 FRSL 10247B_2 FRSL 10247B_2 FRSL 10247B_5 FRSL 10247B_5
Mag-sill gneiss Mag-sill gneiss Mag-sill gneiss Mag-sill gneiss Mag-sill gneiss Mag-sill gneiss Mag-sill gneiss Mag-sill gneiss
Sito East Sito East Sito East Sito East Sito East Sito East Sito East Sito East
SiO2 37.07 36.93 37.45 37.06 37.05 36.67 37.09 37.15
TiO2 0.02 --- --- --- --- --- 0.00 ---
Al2O3 22.39 22.19 22.32 22.60 22.31 22.30 22.28 22.51
FeO 24.32 24.15 24.54 24.36 24.27 24.05 24.56 24.52
MnO 13.48 13.67 13.52 13.60 13.76 13.43 14.09 14.23
MgO 2.22 2.20 2.81 2.81 2.69 2.60 2.38 2.63
CaO 1.61 1.05 0.99 1.03 1.08 1.13 1.00 0.99
Total 101.11 100.18 101.63 101.47 101.16 100.18 101.41 102.03
Number of atoms in formulae (oxygen basis 24)
Si 5.910 5.940 5.929 5.881 5.902 5.898 5.906 5.878
Ti 0.003 --- --- --- --- --- 0.000 ---
Al 4.207 4.207 4.165 4.228 4.189 4.227 4.183 4.198
Fe 3.242 3.249 3.249 3.233 3.234 3.235 3.270 3.245
Mn 1.821 1.863 1.813 1.828 1.857 1.830 1.901 1.907
Mg 0.528 0.527 0.662 0.665 0.640 0.623 0.564 0.620
Ca 0.274 0.180 0.168 0.175 0.184 0.194 0.171 0.168
Total 15.985 15.966 15.985 16.010 16.004 16.006 15.996 16.016
End-member calculations
Alm 59.37 59.50 59.44 59.10 58.87 59.19 59.12 58.61
Spess 33.34 34.12 33.17 33.42 33.80 33.48 34.36 34.45
Gross 2.57 1.70 1.61 1.67 1.74 1.85 1.60 1.58
Pyrope 4.72 4.68 5.78 5.81 5.58 5.48 4.92 5.37
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   TABLE B.  (Cont.)
FRSL 10247B_5 FRSL 10247B_5 FRSL 10247B_5 FRSL 10247B_5 FRSL 10247B_5 FRSL 10240A FRSL 10240A FRSL 10240A
Mag-sill gneiss Mag-sill gneiss Mag-sill gneiss Mag-sill gneiss Mag-sill gneiss Nod. sill. gneiss Nod. sill. gneiss Nod. sill. gneiss
Sito East Sito East Sito East Sito East Sito East Sito West Sito West Sito West
SiO2 37.31 37.27 37.62 37.25 37.31 37.00 36.96 37.04
TiO2 0.01 --- --- --- --- 0.03 --- 0.01
Al2O3 22.41 22.45 22.48 22.53 22.59 21.61 21.76 21.64
FeO 24.32 24.36 24.34 24.69 24.31 33.88 33.39 33.26
MnO 13.73 13.85 13.69 13.58 14.02 3.41 3.44 3.58
MgO 2.63 2.67 2.69 2.56 2.48 3.24 3.10 3.14
CaO 0.92 1.01 1.09 1.08 1.16 0.82 1.03 0.83
Total 101.33 101.61 101.91 101.70 101.88 99.99 99.69 99.50
Number of atoms in formulae (oxygen basis 24)
Si 5.923 5.906 5.936 5.903 5.909 5.951 5.961 5.978
Ti 0.001 --- --- --- --- 0.004 --- 0.001
Al 4.192 4.194 4.182 4.208 4.217 4.097 4.136 4.116
Fe 3.229 3.228 3.212 3.273 3.220 4.557 4.504 4.489
Mn 1.847 1.859 1.829 1.824 1.880 0.465 0.471 0.489
Mg 0.621 0.631 0.633 0.605 0.585 0.777 0.745 0.755
Ca 0.157 0.172 0.185 0.184 0.198 0.141 0.178 0.143
Total 15.971 15.990 15.977 15.997 16.007 15.991 15.994 15.972
End-member calculations
Alm 59.19 58.92 59.03 59.69 58.71 83.42 83.08 82.97
Spess 33.85 33.92 33.62 33.26 34.28 8.52 8.68 9.05
Gross 1.50 1.64 1.77 1.74 1.87 1.36 1.73 1.40
Pyrope 5.45 5.52 5.58 5.30 5.14 6.70 6.51 6.59
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   TABLE B.  (Cont.)
FRSL 10240A FRSL 10240A FRSL 10235B_1 FRSL 10235B_1 FRSL 10235B_1 FRSL 10235B_2 FRSL 10235B_2 FRSL 10239_2
Nod. sill. gneiss Nod. sill. gneiss Sillimanite gneiss Sillimanite gneiss Sillimanite gneiss Sillimanite gneiss Sillimanite gneiss Sillimanite gneiss
Sito West Sito West Sito West Sito West Sito West Sito West Sito West Sito West
SiO2 37.08 36.77 36.65 37.05 36.74 36.75 36.83 36.68
TiO2 0.03 0.02 0.01 --- -0.00 0.02 0.02 ---
Al2O3 21.87 21.72 21.64 21.91 21.41 21.79 21.90 21.85
FeO 33.43 33.50 32.05 32.25 32.18 32.45 32.42 33.74
MnO 3.45 3.50 5.05 4.53 4.83 4.63 4.51 4.06
MgO 3.37 3.23 2.77 3.15 2.94 2.78 3.18 2.79
CaO 0.81 0.78 0.88 0.89 1.00 0.86 0.75 1.12
Total 100.05 99.52 99.05 99.79 99.11 99.28 99.62 100.24
Number of atoms in formulae (oxygen basis 24)
Si 5.948 5.939 5.955 5.957 5.967 5.952 5.936 5.909
Ti 0.004 0.002 0.001 --- 0.000 0.003 0.003 ---
Al 4.135 4.135 4.143 4.153 4.098 4.161 4.160 4.149
Fe 4.485 4.524 4.355 4.337 4.371 4.396 4.369 4.546
Mn 0.468 0.479 0.695 0.617 0.665 0.635 0.615 0.554
Mg 0.805 0.778 0.670 0.755 0.711 0.672 0.765 0.671
Ca 0.140 0.135 0.153 0.154 0.174 0.149 0.130 0.193
Total 15.984 15.993 15.972 15.972 15.986 15.968 15.978 16.022
End-member calculations
Alm 82.97 83.15 79.92 80.44 79.97 80.96 80.72 82.32
Spess 8.66 8.80 12.75 11.45 12.17 11.70 11.37 10.04
Gross 1.37 1.32 1.47 1.50 1.67 1.44 1.27 1.82
Pyrope 6.99 6.73 5.86 6.61 6.19 5.89 6.65 5.81
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   TABLE B.  (Cont.)
FRSL 10239_2 FRSL 10239_2 FRSL 10239_3 FRSL 10239_3 FRSL 10239_3 FRSL 10210_2 FRSL 10210_2 FRSL 10210_2
Sillimanite gneiss Sillimanite gneiss Sillimanite gneiss Sillimanite gneiss Sillimanite gneiss Nod. sill. gneiss Nod. sill. gneiss Nod. sill. gneiss
Sito West Sito West Sito West Sito West Sito West Sito East Sito East Sito East
SiO2 36.88 36.67 36.74 36.46 37.00 36.80 36.92 36.63
TiO2 0.07 0.02 --- --- --- 0.06 --- ---
Al2O3 21.83 21.82 22.04 21.83 21.91 21.86 21.65 21.66
FeO 33.35 33.67 32.87 33.69 33.71 35.45 35.60 35.94
MnO 4.12 4.04 3.99 4.03 4.00 2.32 2.25 2.30
MgO 2.91 2.83 2.91 2.93 3.01 2.52 2.68 2.69
CaO 1.07 1.14 0.97 1.01 1.03 1.18 1.20 1.19
Total 100.22 100.19 99.51 99.94 100.66 100.19 100.30 100.41
Number of atoms in formulae (oxygen basis 24)
Si 5.928 5.910 5.932 5.893 5.923 5.928 5.948 5.907
Ti 0.009 0.002 --- --- --- 0.007 --- ---
Al 4.136 4.144 4.195 4.159 4.135 4.151 4.111 4.118
Fe 4.483 4.538 4.439 4.554 4.513 4.777 4.796 4.847
Mn 0.561 0.552 0.545 0.551 0.542 0.317 0.307 0.314
Mg 0.698 0.680 0.700 0.705 0.719 0.604 0.643 0.646
Ca 0.184 0.196 0.168 0.175 0.177 0.203 0.208 0.206
Total 15.998 16.022 15.979 16.037 16.009 15.987 16.014 16.038
End-member calculations
Alm 81.92 82.26 82.13 82.31 82.21 87.00 86.88 86.88
Spess 10.24 10.00 10.09 9.96 9.88 5.78 5.57 5.64
Gross 1.76 1.86 1.63 1.66 1.69 1.92 1.96 1.92
Pyrope 6.08 5.89 6.15 6.07 6.23 5.30 5.60 5.56
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   TABLE B.  (Cont.)
FRSL 10210_1 FRSL 10210_1 FRSL 10210_1 FRSL 10235A_1 FRSL 10235A_1 FRSL 10235A_1 FRSL 10235A_2 FRSL 10235A_2
Nod. sill. gneiss Nod. sill. gneiss Nod. sill. gneiss Sillimanite gneiss Sillimanite gneiss Sillimanite gneiss Sillimanite gneiss Sillimanite gneiss
Sito East Sito East Sito East Sito West Sito West Sito West Sito West Sito West
SiO2 36.44 36.41 36.44 36.81 37.06 37.03 36.84 37.32
TiO2 --- 0.04 --- --- --- -0.00 0.01 ---
Al2O3 21.46 21.61 21.89 21.88 21.99 21.98 21.86 21.61
FeO 35.58 35.42 36.39 32.66 32.63 32.44 32.40 32.37
MnO 2.30 2.15 2.41 3.95 4.02 4.13 3.83 3.74
MgO 2.50 2.95 2.38 3.48 3.76 3.50 3.68 3.51
CaO 1.22 1.02 1.25 0.91 0.87 0.76 0.79 0.78
Total 99.51 99.60 100.76 99.69 100.32 99.84 99.40 99.34
Number of atoms in formulae (oxygen basis 24)
Si 5.927 5.902 5.876 5.928 5.921 5.942 5.933 6.006
Ti --- 0.005 --- --- --- 0.000 0.002 ---
Al 4.115 4.128 4.161 4.153 4.141 4.157 4.150 4.100
Fe 4.840 4.802 4.906 4.399 4.359 4.354 4.363 4.356
Mn 0.317 0.295 0.329 0.540 0.544 0.561 0.522 0.510
Mg 0.605 0.713 0.572 0.836 0.896 0.836 0.882 0.842
Ca 0.213 0.177 0.216 0.156 0.149 0.131 0.136 0.135
Total 16.017 16.022 16.060 16.011 16.009 15.981 15.989 15.949
End-member calculations
Alm 87.06 86.85 87.24 81.26 80.74 80.99 81.27 81.71
Spess 5.71 5.34 5.85 9.97 10.07 10.44 9.73 9.56
Gross 1.98 1.68 1.98 1.53 1.47 1.30 1.35 1.35
Pyrope 5.25 6.13 4.93 7.24 7.72 7.27 7.65 7.38
180
   TABLE B.  (Cont.)
FRSL 10235A_2 FRSL 10404_2 FRSL 10404_2 FRSL 10404_2 FRSL 10404_1 FRSL 10404_1 FRSL 10404_1 FRSL 10405A_4
Sillimanite gneiss Sulfidic quartzite Sulfidic quartzite Sulfidic quartzite Sulfidic quartzite Sulfidic quartzite Sulfidic quartzite Sulfidic quartzite
Sito West Unn_George3 Unn_George Unn_George Unn_George Unn_George Unn_George Unn_George
SiO2 36.74 37.03 37.08 36.73 36.81 37.24 36.87 37.02
TiO2 0.02 0.02 0.01 --- 0.00 --- --- 0.01
Al2O3 21.90 21.70 21.79 21.65 21.90 21.83 21.81 21.28
FeO 33.00 31.40 31.05 31.17 31.07 29.27 31.48 27.92
MnO 3.68 4.30 4.33 4.20 3.91 3.45 4.10 6.34
MgO 3.58 3.63 3.95 3.82 3.95 4.53 3.84 4.35
CaO 0.79 1.37 1.37 1.40 1.78 3.25 1.64 1.26
Total 99.72 99.44 99.58 98.97 99.43 99.56 99.74 98.18
Number of atoms in formulae (oxygen basis 24)
Si 5.914 5.956 5.945 5.934 5.911 5.931 5.916 5.993
Ti 0.002 0.002 0.001 --- 0.001 --- --- 0.001
Al 4.155 4.113 4.118 4.123 4.145 4.098 4.126 4.062
Fe 4.442 4.224 4.164 4.212 4.172 3.898 4.225 3.781
Mn 0.502 0.586 0.588 0.575 0.533 0.465 0.557 0.870
Mg 0.859 0.871 0.945 0.921 0.945 1.075 0.919 1.050
Ca 0.136 0.236 0.235 0.242 0.306 0.554 0.282 0.218
Total 16.011 15.988 15.995 16.007 16.013 16.020 16.026 15.974
End-member calculations
Alm 81.99 79.03 78.30 78.78 78.55 75.48 78.77 71.99
Spess 9.26 10.96 11.06 10.75 10.03 9.00 10.38 16.57
Gross 1.34 2.34 2.35 2.41 3.05 5.63 2.78 2.24
Pyrope 7.40 7.67 8.29 8.07 8.36 9.88 8.06 9.21
181
   TABLE B.  (Cont.)
FRSL 10405A_4 FRSL 10405A_4 FRSL 10405A_2 FRSL 10405A_2 FRSL 10405A_2 FRSL 10405A_2 FRSL 10405A_2 FRSL 10402_3
Sulfidic quartzite Sulfidic quartzite Sulfidic quartzite Sulfidic quartzite Sulfidic quartzite Sulfidic quartzite Sulfidic quartzite Sulfidic quartzite
Unn_George3 Unn_George Unn_George Unn_George Unn_George Unn_George Unn_George Unn_George
SiO2 37.02 36.93 36.35 37.09 37.09 36.70 36.17 36.09
TiO2 0.05 0.01 --- --- 0.04 --- --- ---
Al2O3 21.86 21.83 21.87 22.01 22.01 21.65 22.08 21.72
FeO 27.77 27.33 27.65 27.82 27.62 27.51 27.94 28.60
MnO 6.33 6.19 6.39 6.35 6.38 6.24 6.41 7.03
MgO 4.74 4.71 4.46 4.37 4.42 4.27 4.18 3.58
CaO 1.25 1.23 1.52 1.73 1.75 1.70 1.50 1.12
Total 99.02 98.24 98.25 99.37 99.31 98.06 98.29 98.13
Number of atoms in formulae (oxygen basis 24)
Si 5.933 5.952 5.888 5.931 5.930 5.917 5.867 5.892
Ti 0.006 0.001 --- --- 0.005 --- --- ---
Al 4.131 4.147 4.175 4.149 4.148 4.114 4.222 4.179
Fe 3.723 3.683 3.746 3.721 3.693 3.709 3.791 3.905
Mn 0.860 0.845 0.877 0.860 0.864 0.853 0.881 0.972
Mg 1.133 1.132 1.077 1.041 1.054 1.027 1.011 0.871
Ca 0.215 0.212 0.265 0.297 0.300 0.293 0.261 0.195
Total 16.000 15.972 16.027 15.999 15.993 15.913 16.033 16.015
End-member calculations
Alm 71.37 71.39 71.18 71.23 70.93 71.39 71.77 72.47
Spess 16.48 16.38 16.67 16.47 16.59 16.41 16.68 18.03
Gross 2.24 2.23 2.71 3.05 3.09 3.02 2.64 1.92
Pyrope 9.91 10.00 9.44 9.26 9.40 9.19 8.90 7.58
182
   TABLE B.  (Cont.)
FRSL 10402_3 FRSL 10402_3 FRSL 10402_3 FRSL 10402_3 FRSL 10244A_2 FRSL 10244A_2 FRSL 10244A_3 FRSL 10244A_4
Sulfidic quartzite Sulfidic quartzite Sulfidic quartzite Sulfidic quartzite Mag-sill gneiss Mag-sill gneiss Mag-sill gneiss Mag-sill gneiss
Unn_George3 Unn_George Unn_George Unn_George Sito East Sito East Sito East Sito East
SiO2 37.26 36.36 36.83 36.94 36.89 36.26 36.53 36.18
TiO2 --- 0.07 --- --- 0.03 --- 0.01 0.01
Al2O3 21.89 22.01 21.66 21.95 21.68 21.41 21.60 21.09
FeO 28.15 28.19 28.26 28.37 25.78 25.00 25.02 25.43
MnO 6.43 6.21 6.54 7.05 11.48 11.36 10.93 11.09
MgO 4.16 4.01 4.05 3.55 2.59 3.03 3.24 3.35
CaO 1.18 1.32 1.17 1.25 0.70 0.67 0.79 0.88
Total 99.07 98.18 98.52 99.11 99.15 97.73 98.11 98.03
Number of atoms in formulae (oxygen basis 24)
Si 5.978 5.895 5.955 5.950 5.981 5.957 5.955 5.936
Ti --- 0.009 --- --- 0.003 --- 0.001 0.001
Al 4.141 4.206 4.129 4.166 4.144 4.147 4.151 4.078
Fe 3.778 3.822 3.821 3.821 3.495 3.436 3.411 3.490
Mn 0.874 0.853 0.896 0.962 1.577 1.581 1.509 1.541
Mg 0.996 0.970 0.977 0.852 0.625 0.742 0.788 0.819
Ca 0.204 0.230 0.203 0.216 0.121 0.119 0.137 0.155
Total 15.969 15.985 15.981 15.968 15.946 15.982 15.953 16.018
End-member calculations
Alm 72.36 72.82 72.39 72.12 64.33 63.28 63.60 63.49
Spess 16.73 16.25 16.97 18.16 29.02 29.12 28.14 28.03
Gross 2.10 2.34 2.07 2.16 1.17 1.16 1.36 1.49
Pyrope 8.82 8.59 8.58 7.56 5.49 6.44 6.90 7.00
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1Notes: Major elements in wt %, all mineral abbreviations after Kretz (1983); 2FRSL 10182_3 was misidentified in thin section and was thus analyzed using gahnite settings; 
3FRSL 10401-10405 are from an unnamed prospect near George, along Porcupine Creek
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Al2O3 55.62 55.01 55.69 55.44 55.27 55.10 55.59 55.34
FeO 9.42 9.81 9.46 9.39 9.53 9.44 9.11 9.25
MnO 0.54 0.50 0.62 0.55 0.57 0.57 0.56 0.60
MgO 2.29 2.70 2.61 2.47 2.40 2.43 2.42 2.36
ZnO 31.48 30.66 31.36 31.34 31.15 30.96 31.68 31.43
Total 99.35 98.67 99.74 99.19 98.92 98.50 99.35 98.98
Number of atoms in formulae (oxygen basis 32)
Al 15.736 15.502 15.654 15.721 15.698 15.718 15.704 15.723
Fe3+ 0.264 0.498 0.346 0.279 0.302 0.282 0.296 0.277
Fe2+ 1.627 1.464 1.540 1.610 1.619 1.629 1.530 1.588
Fetot 1.890 1.962 1.886 1.890 1.921 1.910 1.826 1.865
Mn 0.110 0.102 0.126 0.112 0.117 0.117 0.113 0.122
Mg 0.818 0.963 0.929 0.885 0.863 0.878 0.866 0.847
Zn 5.580 5.413 5.522 5.568 5.543 5.533 5.607 5.595
Total 24.136 23.941 24.117 24.175 24.142 24.156 24.116 24.152
End-member calculations
Hc 19.36 17.35 18.19 19.05 19.18 19.30 18.19 18.83
Gah 66.44 64.14 65.25 65.86 65.64 65.58 66.65 66.38
Spl 9.74 11.41 10.98 10.47 10.22 10.40 10.30 10.05
Mgt 3.14 5.90 4.09 3.30 3.58 3.34 3.52 3.29
Glx 1.31 1.20 1.49 1.32 1.38 1.38 1.34 1.45
185
     TABLE C.  (Cont.)
FRSL 10131_2 FRSL 10188_3 FRSL 10188_4 FRSL 10188_4 FRSL 10188_1 FRSL 10188_1 FRSL 10188_1 JSGO 005_2
Sulfidic quartzite Sulfidic quartzite Sulfidic quartzite Sulfidic quartzite Sulfidic quartzite Sulfidic quartzite Sulfidic quartzite Sulfidic quartzite
Sito East Sito East Sito East Sito East Sito East Sito East Sito East George
Al2O3 55.83 55.21 55.49 55.67 55.64 55.47 55.50 56.62
FeO 10.36 10.56 10.89 11.74 12.89 12.96 12.38 11.42
MnO 0.99 0.55 0.51 0.55 0.74 0.63 0.66 0.72
MgO 2.60 2.56 2.41 2.75 2.47 2.50 2.29 2.93
ZnO 29.62 30.01 29.47 27.76 27.57 27.47 27.67 26.95
Total 99.39 98.90 98.77 98.47 99.31 99.03 98.50 98.64
Number of atoms in formulae (oxygen basis 32)
Al 15.732 15.642 15.731 15.718 15.680 15.691 15.741 15.879
Fe3+ 0.268 0.358 0.269 0.282 0.320 0.309 0.259 0.121
Fe2+ 1.803 1.765 1.921 2.070 2.257 2.293 2.234 2.151
Fetot 2.071 2.123 2.190 2.352 2.577 2.601 2.492 2.272
Mn 0.201 0.112 0.104 0.112 0.151 0.128 0.134 0.146
Mg 0.925 0.918 0.865 0.983 0.882 0.895 0.822 1.040
Zn 5.228 5.327 5.233 4.910 4.867 4.869 4.918 4.734
Total 24.157 24.122 24.123 24.075 24.157 24.185 24.108 24.070
End-member calculations
Hc 21.40 20.81 22.88 24.77 26.63 26.99 26.70 26.25
Gah 62.05 62.82 62.36 58.76 57.42 57.33 58.78 57.80
Spl 10.98 10.82 10.31 11.76 10.40 10.54 9.83 12.69
Mgt 3.19 4.22 3.21 3.38 3.78 3.63 3.09 1.48
Glx 2.38 1.32 1.24 1.34 1.78 1.51 1.60 1.78
186
     TABLE C.  (Cont.)
JSGO 005_2 JSGO 005_2 JSGO 005_2 JSGO 005_3 JSGO 005_3 JSGO 005_3 JSGO 005_3 JSGO 005_3
Sulfidic quartzite Sulfidic quartzite Sulfidic quartzite Sulfidic quartzite Sulfidic quartzite Sulfidic quartzite Sulfidic quartzite Sulfidic quartzite
George George George George George George George George
Al2O3 57.04 57.13 56.65 57.12 57.20 56.73 56.85 56.86
FeO 11.53 11.29 11.40 8.90 9.61 10.27 9.84 9.26
MnO 0.59 0.57 0.62 0.37 0.39 0.33 0.43 0.37
MgO 3.19 3.30 3.24 2.47 2.83 2.94 2.92 2.76
ZnO 26.73 27.09 26.59 30.14 28.89 28.27 28.54 29.50
Total 99.08 99.38 98.50 99.00 98.92 98.53 98.59 98.76
Number of atoms in formulae (oxygen basis 32)
Al 15.890 15.848 15.880 16.001 15.974 15.917 15.939 15.941
Fe3+ 0.110 0.152 0.120 0.000 0.026 0.084 0.061 0.059
Fe2+ 2.169 2.070 2.147 1.768 1.878 1.960 1.897 1.784
Fetot 2.279 2.223 2.267 1.768 1.904 2.043 1.958 1.843
Mn 0.117 0.114 0.125 0.075 0.078 0.067 0.087 0.075
Mg 1.125 1.158 1.149 0.875 0.998 1.043 1.035 0.979
Zn 4.666 4.709 4.670 5.288 5.054 4.968 5.013 5.183
Total 24.076 24.052 24.091 24.008 24.009 24.038 24.033 24.021
End-member calculations
Hc 26.49 25.24 26.15 22.08 23.38 24.13 23.44 22.08
Gah 56.99 57.40 56.88 66.05 62.91 61.17 61.94 64.14
Spl 13.74 14.12 13.99 10.93 12.42 12.84 12.78 12.12
Mgt 1.34 1.85 1.46 0.00 0.32 1.03 0.75 0.73
Glx 1.43 1.39 1.52 0.94 0.97 0.82 1.08 0.93
187
     TABLE C.  (Cont.)
FRSL 10189_2 FRSL 10189_2 FRSL 10189_2 FRSL 10189_2 FRSL 10189_1 FRSL 10189_1 FRSL 10189_1 FRSL 10189_1
Sulfidic quartzite Sulfidic quartzite Sulfidic quartzite Sulfidic quartzite Sulfidic quartzite Sulfidic quartzite Sulfidic quartzite Sulfidic quartzite
Sito East Sito East Sito East Sito East Sito East Sito East Sito East Sito East
Al2O3 56.43 56.10 55.80 56.47 56.31 56.41 55.50 57.07
FeO 6.85 7.14 7.33 7.12 6.67 7.37 7.24 7.29
MnO 1.17 1.36 1.28 1.20 1.11 1.16 1.24 1.15
MgO 3.27 3.53 3.61 3.57 3.58 3.62 3.77 3.67
ZnO 31.34 30.85 30.63 30.36 31.51 31.53 30.87 31.18
Total 99.06 98.97 98.65 98.71 99.19 100.09 98.62 100.36
Number of atoms in formulae (oxygen basis 32)
Al 15.831 15.749 15.713 15.829 15.782 15.693 15.642 15.778
Fe3+ 0.169 0.251 0.287 0.171 0.218 0.307 0.358 0.222
Fe2+ 1.194 1.171 1.177 1.245 1.109 1.148 1.090 1.208
Fetot 1.364 1.422 1.465 1.416 1.327 1.455 1.448 1.430
Mn 0.235 0.274 0.259 0.241 0.224 0.232 0.251 0.228
Mg 1.159 1.252 1.287 1.266 1.270 1.272 1.345 1.284
Zn 5.509 5.426 5.404 5.331 5.533 5.495 5.450 5.401
Total 24.097 24.123 24.127 24.082 24.136 24.147 24.136 24.120
End-member calculations
Hc 14.45 13.98 13.99 15.08 13.27 13.58 12.83 14.48
Gah 66.64 64.80 64.23 64.59 66.24 65.00 64.16 64.74
Spl 14.02 14.95 15.29 15.33 15.21 15.05 15.83 15.39
Mgt 2.05 3.00 3.41 2.07 2.61 3.63 4.22 2.66
Glx 2.85 3.27 3.07 2.92 2.68 2.75 2.96 2.73
188
     TABLE C.  (Cont.)
FRSL 10189_1 FRSL 10189_1 FRSL 10189_1 FRSL 10189_1 FRSL 10189_1 FRSL 10189_1 FRSL 10189_1 FRSL 10189_3
Sulfidic quartzite Sulfidic quartzite Sulfidic quartzite Sulfidic quartzite Sulfidic quartzite Sulfidic quartzite Sulfidic quartzite Sulfidic quartzite
Sito East Sito East Sito East Sito East Sito East Sito East Sito East Sito East
Al2O3 56.15 55.97 56.27 56.30 55.83 55.92 56.24 56.43
FeO 7.32 7.34 7.21 7.31 7.18 6.84 6.50 6.89
MnO 1.26 1.23 1.22 1.21 1.17 1.16 1.13 1.27
MgO 3.64 3.61 3.48 3.42 3.45 3.37 3.17 3.56
ZnO 31.21 31.74 31.66 31.74 32.10 31.68 31.84 31.33
Total 99.59 99.89 99.85 99.98 99.72 98.97 98.90 99.47
Number of atoms in formulae (oxygen basis 32)
Al 15.701 15.614 15.714 15.711 15.659 15.732 15.817 15.772
Fe3+ 0.299 0.386 0.286 0.289 0.341 0.268 0.183 0.228
Fe2+ 1.153 1.066 1.142 1.159 1.087 1.097 1.115 1.139
Fetot 1.453 1.452 1.429 1.448 1.428 1.365 1.298 1.367
Mn 0.254 0.247 0.245 0.242 0.236 0.235 0.229 0.255
Mg 1.288 1.273 1.228 1.205 1.223 1.199 1.129 1.257
Zn 5.468 5.547 5.540 5.550 5.641 5.584 5.611 5.486
Total 24.163 24.134 24.156 24.156 24.187 24.115 24.084 24.137
End-member calculations
Hc 13.63 12.51 13.53 13.73 12.75 13.09 13.49 13.61
Gah 64.61 65.11 65.62 65.72 66.15 66.61 67.87 65.58
Spl 15.22 14.95 14.55 14.27 14.34 14.30 13.66 15.02
Mgt 3.54 4.53 3.39 3.42 4.00 3.20 2.21 2.73
Glx 3.00 2.90 2.91 2.86 2.77 2.80 2.77 3.05
189
     TABLE C.  (Cont.)
FRSL 10189_3 FRSL 10189_3 FRSL 10189_3 FRSL 10189_3 FRSL 10189_3 FRSL 10189_4 FRSL 10189_4 FRSL 10189_4
Sulfidic quartzite Sulfidic quartzite Sulfidic quartzite Sulfidic quartzite Sulfidic quartzite Sulfidic quartzite Sulfidic quartzite Sulfidic quartzite
Sito East Sito East Sito East Sito East Sito East Sito East Sito East Sito East
Al2O3 56.84 56.24 56.36 56.53 56.62 56.47 56.23 56.12
FeO 6.88 7.07 7.05 6.95 6.48 6.83 6.71 6.87
MnO 1.20 1.27 1.30 1.21 1.10 1.14 1.08 1.13
MgO 3.56 3.51 3.56 3.56 3.35 3.26 3.24 3.34
ZnO 30.97 31.20 30.84 31.29 31.01 32.12 31.54 31.56
Total 99.46 99.29 99.10 99.55 98.56 99.81 98.80 99.01
Number of atoms in formulae (oxygen basis 32)
Al 15.812 15.754 15.785 15.767 15.894 15.764 15.821 15.752
Fe3+ 0.188 0.246 0.215 0.233 0.106 0.236 0.179 0.248
Fe2+ 1.170 1.159 1.186 1.143 1.186 1.117 1.161 1.120
Fetot 1.358 1.404 1.401 1.376 1.291 1.353 1.340 1.368
Mn 0.241 0.256 0.263 0.243 0.222 0.229 0.219 0.228
Mg 1.251 1.245 1.259 1.257 1.188 1.152 1.151 1.186
Zn 5.398 5.476 5.412 5.468 5.454 5.618 5.561 5.549
Total 24.060 24.135 24.120 24.110 24.049 24.114 24.092 24.083
End-member calculations
Hc 14.18 13.83 14.23 13.69 14.54 13.37 14.03 13.44
Gah 65.45 65.34 64.93 65.54 66.88 67.27 67.24 66.61
Spl 15.17 14.85 15.11 15.06 14.56 13.79 13.92 14.24
Mgt 2.28 2.93 2.58 2.80 1.30 2.83 2.16 2.98
Glx 2.92 3.05 3.15 2.91 2.72 2.74 2.65 2.74
190
     TABLE C.  (Cont.)
FRSL 10189_4 FRSL 10189_4 FRSL 10189_4 FRSL 10189_5 FRSL 10189_5 FRSL 10189_5 FRSL 10189_5 FRSL 10189_5
Sulfidic quartzite Sulfidic quartzite Sulfidic quartzite Sulfidic quartzite Sulfidic quartzite Sulfidic quartzite Sulfidic quartzite Sulfidic quartzite
Sito East Sito East Sito East Sito East Sito East Sito East Sito East Sito East
Al2O3 56.66 56.50 56.75 56.43 56.10 56.17 55.82 56.21
FeO 6.89 6.74 6.51 7.00 6.98 7.11 7.00 7.09
MnO 1.16 1.02 1.12 1.15 1.21 1.21 1.17 1.25
MgO 3.17 3.22 3.18 3.47 3.48 3.38 3.45 3.25
ZnO 31.53 31.85 32.24 31.30 31.15 31.25 31.00 31.40
Total 99.40 99.34 99.79 99.35 98.92 99.10 98.45 99.20
Number of atoms in formulae (oxygen basis 32)
Al 15.845 15.831 15.816 15.788 15.774 15.737 15.734 15.760
Fe3+ 0.155 0.169 0.185 0.212 0.226 0.263 0.266 0.240
Fe2+ 1.212 1.170 1.102 1.178 1.166 1.151 1.134 1.170
Fetot 1.367 1.340 1.287 1.390 1.392 1.414 1.400 1.410
Mn 0.233 0.206 0.224 0.231 0.244 0.243 0.238 0.253
Mg 1.121 1.142 1.120 1.229 1.236 1.196 1.230 1.153
Zn 5.524 5.590 5.629 5.487 5.488 5.485 5.475 5.516
Total 24.090 24.109 24.075 24.125 24.134 24.075 24.076 24.091
End-member calculations
Hc 14.70 14.14 13.35 14.13 13.95 13.80 13.60 14.04
Gah 67.00 67.53 68.16 65.81 65.65 65.79 65.63 66.21
Spl 13.60 13.80 13.56 14.74 14.79 14.34 14.74 13.84
Mgt 1.88 2.05 2.23 2.54 2.70 3.15 3.19 2.88
Glx 2.82 2.49 2.71 2.78 2.92 2.91 2.85 3.03
191
     TABLE C.  (Cont.)
FRSL 10189_5 FRSL 10193_2 FRSL 10193_2 FRSL 10193_2 FRSL 10193_2 FRSL 10193_2 FRSL 10193_2 FRSL 10193_1
Sulfidic quartzite Sulfidic quartzite Sulfidic quartzite Sulfidic quartzite Sulfidic quartzite Sulfidic quartzite Sulfidic quartzite Sulfidic quartzite
Sito East Sito East Sito East Sito East Sito East Sito East Sito East Sito East
Al2O3 56.34 56.89 56.62 55.90 56.54 56.27 56.81 56.74
FeO 6.67 6.08 6.71 7.02 6.96 6.71 6.85 6.91
MnO 1.14 1.25 1.44 1.30 1.30 1.36 1.36 0.74
MgO 3.24 3.71 3.74 3.84 3.74 3.81 3.81 3.12
ZnO 31.11 31.01 31.26 30.82 31.21 30.81 31.01 31.02
Total 98.49 98.94 99.78 98.88 99.75 98.96 99.84 98.53
Number of atoms in formulae (oxygen basis 32)
Al 15.863 15.875 15.721 15.695 15.732 15.756 15.740 15.928
Fe3+ 0.137 0.125 0.279 0.305 0.268 0.244 0.260 0.072
Fe2+ 1.196 1.079 1.043 1.094 1.106 1.089 1.087 1.305
Fetot 1.332 1.204 1.322 1.399 1.373 1.333 1.347 1.377
Mn 0.230 0.251 0.288 0.263 0.260 0.273 0.270 0.150
Mg 1.152 1.310 1.315 1.362 1.318 1.351 1.336 1.107
Zn 5.489 5.421 5.438 5.421 5.440 5.406 5.382 5.456
Total 24.067 24.061 24.084 24.140 24.124 24.119 24.075 24.019
End-member calculations
Hc 14.57 13.18 12.47 12.95 13.18 13.02 13.04 16.13
Gah 66.91 66.22 65.03 64.19 64.83 64.65 64.57 67.44
Spl 14.05 16.00 15.72 16.13 15.70 16.15 16.03 13.69
Mgt 1.67 1.53 3.33 3.61 3.19 2.92 3.12 0.89
Glx 2.80 3.06 3.45 3.11 3.10 3.26 3.24 1.86
192
     TABLE C.  (Cont.)
FRSL 10193_1 FRSL 10193_1 FRSL 10193_1 FRSL 10193_1 FRSL 10193_1 FRSL 10193_1 FRSL 10193_3 FRSL 10193_3
Sulfidic quartzite Sulfidic quartzite Sulfidic quartzite Sulfidic quartzite Sulfidic quartzite Sulfidic quartzite Sulfidic quartzite Sulfidic quartzite
Sito East Sito East Sito East Sito East Sito East Sito East Sito East Sito East
Al2O3 56.61 56.67 56.53 56.30 56.20 56.60 56.01 55.80
FeO 7.72 7.87 7.94 8.21 8.11 6.95 8.16 7.70
MnO 0.86 0.80 0.79 0.84 0.84 0.72 1.02 1.17
MgO 3.31 3.20 3.26 3.18 3.14 3.13 3.05 3.20
ZnO 31.54 31.43 31.57 31.30 31.22 31.06 30.69 31.35
Total 100.04 99.97 100.09 99.82 99.51 98.46 98.92 99.21
Number of atoms in formulae (oxygen basis 32)
Al 15.751 15.793 15.746 15.746 15.726 15.924 15.775 15.705
Fe3+ 0.249 0.207 0.254 0.254 0.274 0.076 0.225 0.295
Fe2+ 1.275 1.348 1.316 1.375 1.336 1.310 1.406 1.242
Fetot 1.524 1.556 1.570 1.629 1.611 1.387 1.631 1.537
Mn 0.171 0.160 0.158 0.168 0.169 0.146 0.206 0.236
Mg 1.166 1.127 1.150 1.123 1.111 1.113 1.085 1.141
Zn 5.497 5.488 5.509 5.484 5.474 5.474 5.415 5.528
Total 24.109 24.124 24.132 24.150 24.090 24.044 24.112 24.147
End-member calculations
Hc 15.26 16.18 15.69 16.36 15.98 16.13 16.86 14.72
Gah 65.77 65.87 65.69 65.25 65.45 67.42 64.95 65.48
Spl 13.95 13.53 13.71 13.37 13.28 13.71 13.02 13.51
Mgt 2.98 2.49 3.03 3.02 3.28 0.94 2.70 3.49
Glx 2.05 1.93 1.88 2.00 2.02 1.80 2.47 2.80
193
     TABLE C.  (Cont.)
FRSL 10193_3 FRSL 10193_4 FRSL 10193_4 FRSL 10193_4 FRSL 10193_5 FRSL 10193_5 FRSL 10193_5 FRSL 10193_5
Sulfidic quartzite Sulfidic quartzite Sulfidic quartzite Sulfidic quartzite Sulfidic quartzite Sulfidic quartzite Sulfidic quartzite Sulfidic quartzite
Sito East Sito East Sito East Sito East Sito East Sito East Sito East Sito East
Al2O3 56.39 56.14 56.59 56.26 55.72 55.77 56.40 55.83
FeO 6.83 7.42 7.36 7.39 8.20 8.29 8.22 8.27
MnO 1.01 0.90 1.09 1.08 0.74 0.89 0.84 0.85
MgO 3.04 2.51 3.28 3.50 2.85 3.14 3.22 3.24
ZnO 31.53 32.33 31.55 31.17 31.71 31.00 30.60 31.16
Total 98.80 99.29 99.86 99.39 99.22 99.08 99.29 99.34
Number of atoms in formulae (oxygen basis 32)
Al 15.811 15.820 15.784 15.739 15.713 15.724 15.779 15.699
Fe3+ 0.189 0.180 0.217 0.261 0.287 0.276 0.222 0.301
Fe2+ 1.170 1.303 1.240 1.206 1.353 1.382 1.411 1.349
Fetot 1.359 1.483 1.457 1.467 1.640 1.658 1.632 1.650
Mn 0.203 0.181 0.218 0.217 0.150 0.180 0.170 0.171
Mg 1.079 0.893 1.157 1.240 1.015 1.119 1.140 1.154
Zn 5.539 5.707 5.513 5.463 5.603 5.476 5.362 5.490
Total 23.990 24.084 24.128 24.126 24.121 24.158 24.082 24.164
End-member calculations
Hc 14.30 15.77 14.86 14.38 16.09 16.39 16.99 15.94
Gah 67.72 69.06 66.07 65.14 66.63 64.94 64.58 64.86
Spl 13.19 10.80 13.87 14.78 12.07 13.27 13.72 13.63
Mgt 2.31 2.18 2.59 3.11 3.42 3.27 2.67 3.55
Glx 2.48 2.19 2.61 2.59 1.78 2.13 2.04 2.02
194
     TABLE C.  (Cont.)
FRSL 10193_5 FRSL 10193_5 FRSL 10193_5 FRSL 10193_5 FRSL 10193_5 FRSL 10193_5 FRSL 10193_6 FRSL 10193_6
Sulfidic quartzite Sulfidic quartzite Sulfidic quartzite Sulfidic quartzite Sulfidic quartzite Sulfidic quartzite Sulfidic quartzite Sulfidic quartzite
Sito East Sito East Sito East Sito East Sito East Sito East Sito East Sito East
Al2O3 55.59 55.95 55.84 55.57 56.50 56.16 55.96 56.34
FeO 8.59 8.40 8.14 8.27 8.09 7.92 7.39 7.46
MnO 0.98 0.98 0.94 1.00 0.92 0.84 1.04 0.99
MgO 3.31 3.30 3.26 3.24 3.23 3.02 3.63 3.49
ZnO 31.00 31.26 31.18 31.00 31.52 31.31 31.08 31.01
Total 99.47 99.88 99.37 99.07 100.27 99.25 99.10 99.30
Number of atoms in formulae (oxygen basis 32)
Al 15.619 15.661 15.698 15.673 15.717 15.771 15.701 15.763
Fe3+ 0.381 0.339 0.302 0.327 0.283 0.229 0.299 0.237
Fe2+ 1.332 1.329 1.322 1.327 1.314 1.349 1.172 1.244
Fetot 1.713 1.669 1.624 1.654 1.597 1.578 1.472 1.481
Mn 0.199 0.196 0.190 0.203 0.184 0.169 0.209 0.200
Mg 1.175 1.169 1.158 1.154 1.137 1.072 1.289 1.233
Zn 5.456 5.482 5.492 5.478 5.494 5.508 5.463 5.436
Total 24.162 24.177 24.161 24.161 24.129 24.098 24.133 24.113
End-member calculations
Hc 15.59 15.61 15.62 15.63 15.62 16.20 13.90 14.90
Gah 63.87 64.38 64.89 64.53 65.31 66.14 64.79 65.10
Spl 13.76 13.73 13.68 13.59 13.52 12.88 15.28 14.77
Mgt 4.46 3.98 3.57 3.86 3.37 2.75 3.55 2.84
Glx 2.33 2.30 2.24 2.39 2.18 2.03 2.47 2.39
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     TABLE C.  (Cont.)
FRSL 10193_6 FRSL 10193_6 FRSL 10193_6 FRSL 10193_6 FRSL 10193_6 JSSW 022_3 JSSW 022_3 JSSW 022_5
Sulfidic quartzite Sulfidic quartzite Sulfidic quartzite Sulfidic quartzite Sulfidic quartzite Sillimanite gneiss Sillimanite gneiss Sillimanite gneiss
Sito East Sito East Sito East Sito East Sito East Sito West Sito West Sito West
Al2O3 56.58 56.10 56.76 56.46 56.70 56.58 56.19 56.66
FeO 7.54 7.71 7.55 7.83 7.45 18.75 19.02 16.84
MnO 1.03 0.99 0.99 0.98 1.00 0.40 0.30 0.35
MgO 3.50 3.52 3.51 3.09 3.29 3.53 3.52 2.76
ZnO 31.18 30.22 30.91 31.57 31.00 18.58 18.67 21.55
Total 99.83 98.54 99.71 99.92 99.45 97.83 97.70 98.15
Number of atoms in formulae (oxygen basis 32)
Al 15.752 15.744 15.801 15.768 15.830 15.797 15.719 15.871
Fe3+ 0.248 0.256 0.199 0.232 0.170 0.203 0.281 0.129
Fe2+ 1.241 1.280 1.291 1.319 1.306 3.511 3.495 3.218
Fetot 1.489 1.536 1.491 1.551 1.477 3.714 3.776 3.347
Mn 0.207 0.199 0.199 0.197 0.200 0.080 0.060 0.070
Mg 1.234 1.251 1.234 1.090 1.161 1.245 1.247 0.978
Zn 5.439 5.314 5.390 5.524 5.423 3.250 3.272 3.781
Total 24.120 24.043 24.115 24.129 24.090 24.086 24.073 24.047
End-member calculations
Hc 14.83 15.42 15.53 15.78 15.81 42.36 41.83 39.36
Gah 64.99 64.03 64.83 66.06 65.65 39.21 39.16 46.25
Spl 14.74 15.07 14.85 13.03 14.06 15.02 14.92 11.96
Mgt 2.97 3.09 2.40 2.77 2.06 2.45 3.36 1.58
Glx 2.47 2.39 2.39 2.36 2.42 0.97 0.72 0.86
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     TABLE C.  (Cont.)
JSSW 022_5 FRSL 10191_2 FRSL 10191_2 FRSL 10191_2 FRSL 10191_2 FRSL 10191_2 FRSL 10191_4 FRSL 10191_4
Sillimanite gneiss Sulfidic quartzite Sulfidic quartzite Sulfidic quartzite Sulfidic quartzite Sulfidic quartzite Sulfidic quartzite Sulfidic quartzite
Sito West Sito East Sito East Sito East Sito East Sito East Sito East Sito East
Al2O3 56.26 57.57 57.56 57.27 57.16 57.54 56.94 56.99
FeO 16.67 7.07 6.93 7.13 7.08 6.68 6.82 7.30
MnO 0.34 1.22 1.20 1.17 1.18 1.19 1.03 1.08
MgO 2.84 4.39 4.42 4.18 4.25 4.08 3.85 4.07
ZnO 21.77 30.21 30.28 30.58 29.59 30.91 30.97 30.88
Total 97.88 100.46 100.39 100.33 99.25 100.40 99.61 100.31
Number of atoms in formulae (oxygen basis 32)
Al 15.807 15.790 15.795 15.750 15.840 15.814 15.777 15.742
Fe3+ 0.193 0.210 0.205 0.251 0.160 0.186 0.223 0.258
Fe2+ 3.132 1.166 1.145 1.140 1.233 1.117 1.117 1.174
Fetot 3.324 1.375 1.350 1.390 1.392 1.302 1.340 1.432
Mn 0.068 0.240 0.236 0.231 0.236 0.235 0.204 0.213
Mg 1.010 1.523 1.535 1.452 1.490 1.418 1.350 1.422
Zn 3.832 5.192 5.206 5.268 5.137 5.322 5.376 5.344
Total 24.042 24.121 24.122 24.092 24.095 24.092 24.047 24.154
End-member calculations
Hc 38.03 13.99 13.75 13.66 14.93 13.49 13.50 13.96
Gah 46.54 62.32 62.52 63.16 62.23 64.30 65.00 63.53
Spl 12.27 18.28 18.43 17.41 18.05 17.13 16.33 16.91
Mgt 2.34 2.52 2.46 3.00 1.93 2.25 2.70 3.06
Glx 0.82 2.88 2.84 2.77 2.85 2.83 2.47 2.54
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     TABLE C.  (Cont.)
FRSL 10191_4 FRSL 10191_4 FRSL 10191_4 FRSL 10189_1 FRSL 10189_1 FRSL 10189_1 FRSL 10189_1 FRSL 10189_1
Sulfidic quartzite Sulfidic quartzite Sulfidic quartzite Sulfidic quartzite Sulfidic quartzite Sulfidic quartzite Sulfidic quartzite Sulfidic quartzite
Sito East Sito East Sito East Sito East Sito East Sito East Sito East Sito East
Al2O3 57.26 56.93 57.44 56.88 57.04 56.66 56.47 56.39
FeO 7.36 7.32 6.74 7.28 7.23 7.52 7.52 7.89
MnO 1.07 1.16 1.11 0.49 0.61 0.60 0.56 0.42
MgO 4.07 3.99 3.92 3.79 3.74 3.70 3.56 3.50
ZnO 31.05 30.43 31.08 31.69 31.63 31.44 31.25 31.21
Total 100.81 99.82 100.30 100.12 100.26 99.92 99.36 99.40
Number of atoms in formulae (oxygen basis 32)
Al 15.719 15.752 15.833 15.747 15.778 15.749 15.789 15.777
Fe3+ 0.281 0.249 0.167 0.253 0.222 0.251 0.211 0.223
Fe2+ 1.153 1.189 1.151 1.177 1.197 1.233 1.281 1.343
Fetot 1.434 1.437 1.318 1.430 1.420 1.484 1.492 1.566
Mn 0.211 0.230 0.220 0.098 0.122 0.120 0.113 0.083
Mg 1.411 1.395 1.366 1.325 1.307 1.302 1.258 1.237
Zn 5.341 5.275 5.368 5.497 5.482 5.475 5.474 5.472
Total 24.116 24.089 24.105 24.098 24.108 24.129 24.126 24.135
End-member calculations
Hc 13.73 14.26 13.91 14.10 14.37 14.71 15.37 16.07
Gah 63.60 63.27 64.89 65.83 65.81 65.33 65.66 65.47
Spl 16.81 16.73 16.51 15.87 15.69 15.54 15.09 14.80
Mgt 3.35 2.98 2.02 3.03 2.67 3.00 2.53 2.67
Glx 2.51 2.76 2.66 1.17 1.46 1.43 1.36 1.00
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     TABLE C.  (Cont.)
FRSE 05-2G_7a FRSE 05-2G_7a FRSE 05-2G_7b FRSE 05-2G_7b FRSE 05-2G_1 FRSE 05-2G_1 FRSE 05-2G_2 FRSE 05-2G_2
Sulfidic quartzite Sulfidic quartzite Sulfidic quartzite Sulfidic quartzite Sulfidic quartzite Sulfidic quartzite Sulfidic quartzite Sulfidic quartzite
Sito East Sito East Sito East Sito East Sito East Sito East Sito East Sito East
Al2O3 56.72 55.65 56.49 56.50 57.39 56.91 56.37 56.64
FeO 5.99 6.32 6.48 6.23 6.53 6.52 6.28 6.20
MnO 0.66 0.65 0.71 0.70 0.69 0.71 0.68 0.73
MgO 3.05 3.18 3.10 3.10 3.13 3.01 3.14 3.17
ZnO 33.07 32.76 32.76 32.85 32.47 33.18 33.10 33.94
Total 99.49 98.55 99.53 99.38 100.23 100.33 99.55 100.68
Number of atoms in formulae (oxygen basis 32)
Al 15.861 15.734 15.802 15.834 15.880 15.814 15.781 15.726
Fe3+ 0.139 0.266 0.198 0.166 0.120 0.186 0.219 0.274
Fe2+ 1.048 1.002 1.088 1.072 1.162 1.101 1.027 0.948
Fetot 1.187 1.268 1.286 1.238 1.282 1.286 1.246 1.222
Mn 0.134 0.131 0.143 0.142 0.138 0.142 0.136 0.145
Mg 1.079 1.136 1.095 1.099 1.097 1.058 1.110 1.114
Zn 5.794 5.803 5.742 5.768 5.630 5.777 5.805 5.903
Total 24.054 24.073 24.068 24.081 24.026 24.078 24.078 24.110
End-member calculations
Hc 12.79 12.02 13.16 13.00 14.27 13.32 12.38 11.31
Gah 70.71 69.60 69.46 69.94 69.11 69.91 69.96 70.42
Spl 13.17 13.62 13.25 13.33 13.46 12.81 13.38 13.28
Mgt 1.70 3.19 2.39 2.02 1.47 2.25 2.64 3.26
Glx 1.63 1.57 1.73 1.72 1.69 1.71 1.64 1.73
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     TABLE C.  (Cont.)
FRSE 05-2G_2 FRSE 05-2G_3 FRSE 05-2G_3 FRSE 05-2C_3 FRSE 05-2C_4 FRSE 05-2C_4 FRSE 05-2C_4 FRSW 05-2_5a
Sulfidic quartzite Sulfidic quartzite Sulfidic quartzite Sulfidic quartzite Sulfidic quartzite Sulfidic quartzite Sulfidic quartzite Sulfidic quartzite
Sito East Sito East Sito East Sito East Sito East Sito East Sito East Sito West
Al2O3 56.94 56.29 56.05 55.33 55.93 55.57 55.57 57.19
FeO 6.19 6.33 6.18 8.29 8.62 8.49 8.16 9.99
MnO 0.77 0.76 0.73 0.34 0.28 0.30 0.33 0.33
MgO 3.14 3.13 3.11 2.19 2.00 2.04 1.99 2.97
ZnO 33.13 33.50 33.13 33.98 34.38 33.82 34.05 29.96
Total 100.16 100.02 99.20 100.13 101.22 100.22 100.10 100.44
Number of atoms in formulae (oxygen basis 32)
Al 15.825 15.734 15.777 15.634 15.657 15.653 15.698 15.825
Fe3+ 0.175 0.266 0.223 0.366 0.343 0.347 0.302 0.175
Fe2+ 1.045 0.990 1.011 1.297 1.370 1.350 1.334 1.786
Fetot 1.220 1.256 1.234 1.662 1.713 1.698 1.636 1.962
Mn 0.154 0.154 0.148 0.069 0.057 0.062 0.066 0.065
Mg 1.103 1.107 1.106 0.782 0.707 0.726 0.712 1.041
Zn 5.768 5.867 5.842 6.014 6.030 5.969 6.026 5.194
Total 24.070 24.118 24.107 24.162 24.163 24.107 24.137 24.086
End-member calculations
Hc 12.67 11.81 12.14 15.21 16.10 15.97 15.80 21.63
Gah 69.95 69.98 70.12 70.53 70.88 70.60 71.40 62.87
Spl 13.38 13.21 13.28 9.17 8.31 8.59 8.44 12.60
Mgt 2.12 3.17 2.68 4.29 4.03 4.11 3.58 2.12
Glx 1.87 1.83 1.78 0.81 0.67 0.73 0.78 0.78
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     TABLE C.  (Cont.)
FRSW 05-2_5b FRSW 05-2_4 FRSW 05-2_4 FRSW 05-2_4 FRSW 05-2_2 FRSW 05-2_2 FRSW 05-2_2 FRSW 05-2_2
Sulfidic quartzite Sulfidic quartzite Sulfidic quartzite Sulfidic quartzite Sulfidic quartzite Sulfidic quartzite Sulfidic quartzite Sulfidic quartzite
Sito West Sito West Sito West Sito West Sito West Sito West Sito West Sito West
Al2O3 56.65 57.36 57.01 57.22 56.64 57.66 56.15 56.90
FeO 8.80 10.82 10.98 10.68 10.09 9.93 9.93 9.76
MnO 0.30 0.40 0.42 0.42 0.38 0.31 0.38 0.40
MgO 2.62 3.49 3.26 3.54 2.92 2.59 2.64 2.67
ZnO 31.16 27.41 28.44 27.56 30.09 29.51 30.02 29.88
Total 99.54 99.48 100.10 99.42 100.12 99.99 99.11 99.60
Number of atoms in formulae (oxygen basis 32)
Al 15.860 15.869 15.783 15.841 15.758 15.957 15.796 15.878
Fe3+ 0.140 0.131 0.217 0.159 0.242 0.043 0.204 0.122
Fe2+ 1.609 1.992 1.939 1.938 1.750 1.907 1.778 1.810
Fetot 1.749 2.123 2.156 2.097 1.991 1.950 1.982 1.932
Mn 0.060 0.079 0.082 0.083 0.075 0.062 0.077 0.079
Mg 0.929 1.222 1.141 1.240 1.029 0.905 0.938 0.942
Zn 5.466 4.750 4.934 4.779 5.246 5.116 5.291 5.225
Total 24.064 24.043 24.096 24.040 24.099 23.990 24.083 24.057
End-member calculations
Hc 19.61 24.37 23.33 23.63 20.98 23.74 21.45 22.14
Gah 66.63 58.11 59.35 58.29 62.89 63.69 63.85 63.89
Spl 11.32 14.94 13.72 15.12 12.33 11.26 11.31 11.52
Mgt 1.71 1.61 2.61 1.94 2.90 0.54 2.46 1.49
Glx 0.73 0.97 0.99 1.01 0.90 0.77 0.93 0.97
201
     TABLE C.  (Cont.)
FRSW 05-2_1 FRSW 05-2_1 FRSW 05-2_1 FRSE 05-2B_4 FRSE 05-2B_4 FRSE 05-2B_4 FRSE 05-2B_4 FRSE 05-2B_3
Sulfidic quartzite Sulfidic quartzite Sulfidic quartzite Sulf qtzite w/mgt Sulf qtzite w/mgt Sulf qtzite w/mgt Sulf qtzite w/mgt Sulf qtzite w/mgt
Sito West Sito West Sito West Sito East Sito East Sito East Sito East Sito East
Al2O3 57.20 56.68 57.11 55.36 55.15 56.30 54.63 54.74
FeO 9.54 9.85 9.63 20.53 20.70 20.12 20.29 19.26
MnO 0.37 0.35 0.39 0.30 0.36 0.33 0.42 0.31
MgO 2.60 2.58 2.47 2.60 2.82 1.99 2.60 2.59
ZnO 29.91 29.97 29.47 20.79 20.94 20.31 21.18 21.83
Total 99.61 99.43 99.06 99.58 99.97 99.04 99.11 98.73
Number of atoms in formulae (oxygen basis 32)
Al 15.914 15.868 15.974 15.509 15.430 15.746 15.429 15.491
Fe3+ 0.086 0.132 0.026 0.491 0.570 0.254 0.571 0.509
Fe2+ 1.797 1.825 1.884 3.589 3.539 3.739 3.494 3.359
Fetot 1.883 1.957 1.910 4.080 4.110 3.993 4.066 3.868
Mn 0.073 0.070 0.078 0.061 0.072 0.066 0.086 0.062
Mg 0.916 0.912 0.872 0.921 0.999 0.706 0.928 0.927
Zn 5.213 5.257 5.163 3.650 3.671 3.559 3.747 3.870
Total 23.998 24.064 23.997 24.220 24.282 24.070 24.255 24.218
End-member calculations
Hc 22.22 22.26 23.48 41.20 39.98 44.93 39.59 38.49
Gah 64.48 64.14 64.35 41.90 41.47 42.76 42.45 44.34
Spl 11.33 11.13 10.87 10.57 11.29 8.48 10.51 10.62
Mgt 1.07 1.61 0.33 5.64 6.44 3.05 6.47 5.83
Glx 0.90 0.86 0.97 0.70 0.81 0.79 0.97 0.72
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     TABLE C.  (Cont.)
FRSE 05-2B_3 FRSE 05-2B_3 FRSE 05-2B_3 FRSE 05-2B_3 FRSE 05-2B_1 FRSE 05-2B_1 FRSE 05-2B_1 FRSE 05-2B_1
Sulf qtzite w/mgt Sulf qtzite w/mgt Sulf qtzite w/mgt Sulf qtzite w/mgt Sulf qtzite w/mgt Sulf qtzite w/mgt Sulf qtzite w/mgt Sulf qtzite w/mgt
Sito East Sito East Sito East Sito East Sito East Sito East Sito East Sito East
Al2O3 55.73 56.18 55.95 54.81 54.53 54.10 54.43 54.04
FeO 19.40 19.10 19.45 19.54 18.60 18.45 18.43 18.70
MnO 0.25 0.20 0.25 0.31 0.28 0.22 0.23 0.22
MgO 2.60 2.74 2.76 2.73 2.35 2.30 2.32 2.29
ZnO 21.24 21.63 21.80 21.29 23.98 23.75 23.26 23.71
Total 99.23 99.85 100.22 98.69 99.73 98.82 98.66 98.96
Number of atoms in formulae (oxygen basis 32)
Al 15.612 15.623 15.556 15.498 15.415 15.427 15.480 15.390
Fe3+ 0.388 0.377 0.444 0.502 0.585 0.573 0.520 0.610
Fe2+ 3.469 3.393 3.392 3.418 3.147 3.161 3.199 3.170
Fetot 3.857 3.770 3.836 3.920 3.732 3.734 3.719 3.779
Mn 0.051 0.039 0.050 0.063 0.056 0.045 0.046 0.044
Mg 0.922 0.962 0.972 0.978 0.838 0.830 0.834 0.825
Zn 3.728 3.770 3.798 3.771 4.247 4.243 4.144 4.230
Total 24.170 24.164 24.211 24.230 24.289 24.279 24.223 24.268
End-member calculations
Hc 40.53 39.72 39.19 39.14 35.47 35.71 36.59 35.70
Gah 43.56 44.14 43.88 43.19 47.86 47.93 47.40 47.64
Spl 10.78 11.27 11.23 11.20 9.45 9.38 9.54 9.29
Mgt 4.53 4.41 5.13 5.75 6.59 6.47 5.95 6.87
Glx 0.60 0.46 0.57 0.72 0.63 0.51 0.52 0.50
203
     TABLE C.  (Cont.)
FRSE 05-2B_1 FRSE 05-2B_1 FRSW 05-3_2 FRSW 05-3_2 FRSW 05-3_1 FRSW 05-3_1 FRSW 05-3_x FRSW 05-3_6
Sulf qtzite w/mgt Sulf qtzite w/mgt Sulf qtzite w/mgt Sulf qtzite w/mgt Sulf qtzite w/mgt Sulf qtzite w/mgt Sulf qtzite w/mgt Sulf qtzite w/mgt
Sito East Sito East Sito West Sito West Sito West Sito West Sito West Sito West
Al2O3 54.08 53.98 57.40 56.65 55.68 55.65 55.66 57.45
FeO 18.63 18.37 11.89 12.13 11.48 11.35 11.76 11.30
MnO 0.29 0.25 0.70 0.70 0.79 0.71 0.79 0.68
MgO 2.36 2.26 3.11 2.97 2.97 3.27 2.97 3.07
ZnO 23.43 23.79 26.70 26.85 27.80 27.50 27.64 27.62
Total 98.79 98.65 99.80 99.29 98.72 98.48 98.83 100.12
Number of atoms in formulae (oxygen basis 32)
Al 15.415 15.426 15.873 15.802 15.702 15.686 15.670 15.853
Fe3+ 0.585 0.574 0.127 0.198 0.298 0.314 0.330 0.147
Fe2+ 3.184 3.153 2.206 2.202 1.998 1.955 2.019 2.065
Fetot 3.769 3.726 2.333 2.400 2.296 2.269 2.350 2.212
Mn 0.060 0.051 0.138 0.140 0.160 0.144 0.159 0.135
Mg 0.852 0.817 1.088 1.047 1.058 1.164 1.057 1.070
Zn 4.186 4.260 4.626 4.693 4.911 4.857 4.876 4.775
Total 24.282 24.281 24.058 24.082 24.127 24.120 24.111 24.045
End-member calculations
Hc 35.91 35.61 26.94 26.60 23.71 23.18 23.92 25.21
Gah 47.21 48.11 56.52 56.68 58.29 57.59 57.76 58.29
Spl 9.61 9.22 13.29 12.65 12.56 13.80 12.52 13.06
Mgt 6.60 6.48 1.55 2.39 3.54 3.72 3.91 1.80
Glx 0.68 0.58 1.69 1.69 1.90 1.71 1.89 1.65
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     TABLE C.  (Cont.)
FRSW 05-3_6 FRSW 05-4_6 FRSW 05-4_6 FRSW 05-4_6 FRSW 05-4_6 FRSW 05-4_6 FRSW 05-4_6 FRSW 05-4_1
Sulf qtzite w/mgt Sulfidic quartzite Sulfidic quartzite Sulfidic quartzite Sulfidic quartzite Sulfidic quartzite Sulfidic quartzite Sulfidic quartzite
Sito West Sito West Sito West Sito West Sito West Sito West Sito West Sito West
Al2O3 57.71 55.77 56.51 55.50 55.36 56.23 56.33 55.81
FeO 11.59 8.88 8.86 9.07 8.99 8.83 8.91 7.63
MnO 0.73 0.48 0.43 0.47 0.52 0.57 0.48 0.54
MgO 3.16 2.89 2.74 2.75 2.75 2.72 2.57 2.78
ZnO 27.26 31.09 31.15 31.08 31.39 30.72 31.45 31.94
Total 100.45 99.12 99.69 98.88 99.02 99.07 99.75 98.71
Number of atoms in formulae (oxygen basis 32)
Al 15.866 15.709 15.810 15.711 15.674 15.823 15.790 15.795
Fe3+ 0.134 0.291 0.190 0.289 0.326 0.177 0.210 0.205
Fe2+ 2.127 1.484 1.570 1.534 1.481 1.586 1.562 1.328
Fetot 2.262 1.775 1.760 1.822 1.806 1.762 1.773 1.533
Mn 0.143 0.098 0.087 0.097 0.106 0.115 0.097 0.110
Mg 1.097 1.028 0.970 0.986 0.983 0.968 0.911 0.996
Zn 4.695 5.487 5.461 5.512 5.568 5.416 5.524 5.664
Total 24.062 24.097 24.087 24.128 24.138 24.085 24.094 24.098
End-member calculations
Hc 25.95 17.69 18.96 18.22 17.50 19.19 18.81 16.00
Gah 57.28 65.42 65.97 65.49 65.78 65.56 66.52 68.22
Spl 13.38 12.26 11.71 11.71 11.62 11.72 10.97 12.00
Mgt 1.64 3.47 2.30 3.43 3.85 2.14 2.53 2.47
Glx 1.75 1.16 1.05 1.15 1.26 1.39 1.17 1.32
205
     TABLE C.  (Cont.)
FRSW 05-4_1 FRSW 05-4_1 FRSW 05-4_1 FRSW 05-5_2 FRSW 05-5_6 FRSW 05-5_6 FRSW 05-5_6 FRSW 05-5_6
Sulfidic quartzite Sulfidic quartzite Sulfidic quartzite Sulfidic quartzite Sulfidic quartzite Sulfidic quartzite Sulfidic quartzite Sulfidic quartzite
Sito West Sito West Sito West Sito West Sito West Sito West Sito West Sito West
Al2O3 56.09 56.40 55.92 57.21 55.21 55.92 55.94 55.34
FeO 7.72 7.64 7.64 11.80 11.68 11.83 11.50 11.68
MnO 0.57 0.57 0.53 0.61 0.60 0.62 0.65 0.59
MgO 2.52 2.62 2.65 2.23 2.41 2.28 2.38 2.23
ZnO 32.27 32.46 32.32 28.90 28.64 28.65 29.10 29.07
Total 99.16 99.68 99.06 100.75 98.54 99.30 99.58 98.91
Number of atoms in formulae (oxygen basis 32)
Al 15.818 15.810 15.781 15.834 15.697 15.754 15.726 15.698
Fe3+ 0.182 0.190 0.219 0.166 0.303 0.246 0.274 0.302
Fe2+ 1.362 1.329 1.310 2.152 2.054 2.118 2.021 2.050
Fetot 1.545 1.519 1.529 2.318 2.357 2.364 2.294 2.351
Mn 0.114 0.114 0.108 0.122 0.122 0.126 0.131 0.121
Mg 0.899 0.927 0.947 0.779 0.866 0.812 0.845 0.800
Zn 5.701 5.701 5.714 5.012 5.101 5.058 5.126 5.166
Total 24.077 24.071 24.079 24.065 24.142 24.114 24.122 24.137
End-member calculations
Hc 16.50 16.08 15.78 26.15 24.32 25.33 24.07 24.29
Gah 69.02 69.00 68.86 60.90 60.40 60.50 61.05 61.22
Spl 10.89 11.22 11.41 9.47 10.26 9.71 10.06 9.48
Mgt 2.21 2.30 2.64 2.01 3.59 2.95 3.26 3.57
Glx 1.39 1.38 1.30 1.48 1.44 1.51 1.56 1.43
206
     TABLE C.  (Cont.)
FRSW 05-5_6 FRSW 05-5_5 FRSW 05-5_5 FRSW 05-5_5 FRSW 05-5_5 FRSW 05-5_5 FRSW 05-6_4 FRSW 05-7_1
Sulfidic quartzite Sulfidic quartzite Sulfidic quartzite Sulfidic quartzite Sulfidic quartzite Sulfidic quartzite Sulfidic quartzite Sulfidic quartzite
Sito West Sito West Sito West Sito West Sito West Sito West Sito West Sito West
Al2O3 56.34 55.69 56.69 56.17 55.69 57.10 56.43 54.81
FeO 11.38 11.10 11.03 10.93 11.06 11.06 12.35 9.08
MnO 0.61 0.63 0.54 0.65 0.64 0.61 0.65 0.52
MgO 2.12 2.21 2.33 2.28 2.44 2.23 2.76 2.21
ZnO 29.32 29.59 29.24 28.70 28.93 28.99 27.45 31.84
Total 99.77 99.21 99.83 98.73 98.75 99.98 99.65 98.47
Number of atoms in formulae (oxygen basis 32)
Al 15.799 15.730 15.822 15.843 15.762 15.895 15.759 15.675
Fe3+ 0.201 0.270 0.178 0.157 0.238 0.105 0.241 0.325
Fe2+ 2.064 1.954 2.007 2.031 1.982 2.080 2.206 1.518
Fetot 2.265 2.224 2.185 2.188 2.220 2.185 2.447 1.842
Mn 0.122 0.128 0.108 0.132 0.130 0.122 0.130 0.107
Mg 0.751 0.788 0.821 0.814 0.873 0.784 0.975 0.800
Zn 5.151 5.237 5.114 5.072 5.130 5.056 4.803 5.705
Total 24.089 24.107 24.050 24.049 24.114 24.042 24.115 24.130
End-member calculations
Hc 24.90 23.33 24.40 24.75 23.74 25.53 26.40 17.95
Gah 62.14 62.52 62.15 61.81 61.42 62.06 57.48 67.48
Spl 9.06 9.41 9.98 9.92 10.45 9.62 11.67 9.46
Mgt 2.42 3.22 2.16 1.91 2.84 1.29 2.88 3.84
Glx 1.48 1.53 1.31 1.61 1.55 1.49 1.56 1.27
207
     TABLE C.  (Cont.)
FRSW 05-7_1 FRSW 05-7_1 JSRL 006_2 JSRL 006_2B JSRL 006B_5 JSRL 006B_1 JSRL 006B_1 JSRL 006B_1
Sulfidic quartzite Sulfidic quartzite Sulfidic quartzite Sulfidic quartzite Sulfidic quartzite Sulfidic quartzite Sulfidic quartzite Sulfidic quartzite
Sito West Sito West Robyn Lake Robyn Lake Robyn Lake Robyn Lake Robyn Lake Robyn Lake
Al2O3 55.01 55.13 54.59 54.79 56.02 56.54 56.25 56.29
FeO 8.91 9.06 10.78 11.71 9.65 9.72 10.66 9.72
MnO 0.47 0.45 0.39 0.44 0.47 0.47 0.53 0.53
MgO 2.41 2.37 1.94 2.01 2.11 2.07 2.17 2.06
ZnO 31.68 31.81 30.35 29.16 30.01 30.78 29.61 30.07
Total 98.47 98.80 98.04 98.10 98.27 99.58 99.22 98.66
Number of atoms in formulae (oxygen basis 32)
Al 15.694 15.690 15.684 15.707 15.887 15.875 15.829 15.935
Fe3+ 0.306 0.310 0.316 0.293 0.113 0.126 0.171 0.065
Fe2+ 1.498 1.519 1.882 2.089 1.828 1.812 1.958 1.887
Fetot 1.804 1.829 2.198 2.382 1.941 1.937 2.129 1.952
Mn 0.096 0.091 0.080 0.090 0.096 0.095 0.106 0.107
Mg 0.868 0.851 0.705 0.728 0.758 0.734 0.773 0.736
Zn 5.663 5.672 5.463 5.237 5.332 5.414 5.222 5.333
Total 24.126 24.134 24.130 24.144 24.014 24.054 24.060 24.063
End-member calculations
Hc 17.77 17.99 22.28 24.76 22.49 22.15 23.79 23.22
Gah 67.17 67.18 64.69 62.07 65.61 66.19 63.44 65.61
Spl 10.30 10.08 8.35 8.63 9.33 8.97 9.40 9.06
Mgt 3.62 3.67 3.74 3.47 1.39 1.53 2.08 0.80
Glx 1.14 1.08 0.95 1.07 1.18 1.16 1.29 1.32
208
     TABLE C.  (Cont.)
JSSW 016_2 JSSW 016_2 JSSW 016_2 JSSW 016_1 JSSW 016_1 JSSW 016_1 FRSL 10247B_4 FRSL 10247B_4
Sulfidic quartzite Sulfidic quartzite Sulfidic quartzite Sulfidic quartzite Sulfidic quartzite Sulfidic quartzite Sillimanite gneiss Sillimanite gneiss
Sito West Sito West Sito West Sito West Sito West Sito West Sito East Sito East
Al2O3 56.52 56.28 56.07 56.58 56.42 56.23 55.35 55.08
FeO 15.81 15.92 15.26 18.22 18.18 17.86 11.14 11.00
MnO 0.25 0.29 0.21 0.31 0.30 0.32 0.63 0.59
MgO 1.48 1.45 1.32 1.45 1.60 1.35 1.87 1.86
ZnO 25.24 25.49 25.79 23.03 22.89 23.07 30.26 30.77
Total 99.30 99.43 98.64 99.58 99.39 98.82 99.26 99.29
Number of atoms in formulae (oxygen basis 32)
Al 15.875 15.836 15.876 15.852 15.832 15.866 15.703 15.673
Fe3+ 0.125 0.165 0.124 0.148 0.168 0.134 0.297 0.327
Fe2+ 3.025 3.013 2.942 3.473 3.451 3.441 1.946 1.893
Fetot 3.150 3.177 3.067 3.621 3.620 3.575 2.243 2.220
Mn 0.050 0.060 0.043 0.062 0.060 0.065 0.128 0.121
Mg 0.526 0.516 0.472 0.513 0.568 0.481 0.671 0.668
Zn 4.441 4.494 4.574 4.042 4.024 4.079 5.379 5.485
Total 24.043 24.082 24.032 24.091 24.103 24.066 24.124 24.167
End-member calculations
Hc 37.04 36.54 36.08 42.15 41.73 41.96 23.11 22.29
Gah 54.37 54.49 56.09 49.06 48.65 49.74 63.88 64.57
Spl 6.45 6.26 5.79 6.23 6.87 5.87 7.97 7.87
Mgt 1.53 1.99 1.52 1.80 2.03 1.64 3.53 3.85
Glx 0.61 0.72 0.53 0.75 0.72 0.79 1.52 1.43
209
     TABLE C.  (Cont.)
FRSL 10247B_4 FRSL 10247B_4 FRSL 10247B_4B FRSL 10247B_4B FRSL 10247D_2 FRSL 10247D_2 FRSL 10247D_2 FRSL 10247D_1
Sillimanite gneiss Sillimanite gneiss Sillimanite gneiss Sillimanite gneiss Sillimanite gneiss Sillimanite gneiss Sillimanite gneiss Sillimanite gneiss
Sito East Sito East Sito East Sito East Sito East Sito East Sito East Sito East
Al2O3 55.69 55.35 55.97 55.65 55.75 55.16 55.99 55.68
FeO 11.03 10.05 12.02 11.18 11.64 11.27 11.57 11.46
MnO 0.56 0.77 0.87 0.82 0.95 0.88 0.86 0.83
MgO 1.86 1.76 1.96 1.82 2.02 2.02 2.04 1.92
ZnO 30.75 30.09 28.81 29.08 29.88 30.43 29.14 30.52
Total 99.89 98.02 99.64 98.54 100.24 99.75 99.60 100.42
Number of atoms in formulae (oxygen basis 32)
Al 15.717 15.831 15.752 15.819 15.675 15.607 15.743 15.658
Fe3+ 0.283 0.169 0.248 0.181 0.325 0.393 0.257 0.342
Fe2+ 1.926 1.871 2.152 2.074 1.998 1.871 2.052 1.944
Fetot 2.209 2.041 2.400 2.255 2.323 2.263 2.309 2.286
Mn 0.114 0.158 0.177 0.167 0.192 0.179 0.173 0.168
Mg 0.664 0.635 0.698 0.653 0.717 0.722 0.726 0.684
Zn 5.438 5.393 5.080 5.180 5.264 5.394 5.133 5.376
Total 24.142 24.057 24.108 24.074 24.171 24.164 24.084 24.172
End-member calculations
Hc 22.86 22.75 25.76 25.12 23.52 21.86 24.60 22.83
Gah 64.55 65.56 60.81 62.75 61.96 63.03 61.54 63.14
Spl 7.89 7.72 8.36 7.91 8.44 8.43 8.70 8.04
Mgt 3.36 2.06 2.96 2.19 3.82 4.59 3.08 4.02
Glx 1.35 1.92 2.12 2.03 2.26 2.09 2.07 1.97
210
     TABLE C.  (Cont.)
FRSL 10247D_1 FRSL 10247D_1 FRSL 10218B_1 FRSL 10218B_1 FRSL 10218B_1 FRSL 10218B_1 FRSL 10402_3 FRSL 10402_3
Sillimanite gneiss Sillimanite gneiss Crd metaarkose Crd metaarkose Crd metaarkose Crd metaarkose Sulfidic quartzite Sulfidic quartzite
Sito East Sito East Fable Lake Fable Lake Fable Lake Fable Lake Unn_George2 Unn_George
Al2O3 55.63 55.70 56.98 57.36 56.99 56.97 57.53 57.39
FeO 11.56 11.04 18.72 18.42 18.51 18.57 14.18 14.26
MnO 0.70 0.85 0.12 0.17 0.13 0.15 0.54 0.43
MgO 2.02 2.04 3.98 3.93 3.86 3.87 3.93 4.04
ZnO 30.42 30.28 18.53 19.10 18.53 18.52 23.39 23.22
Total 100.33 99.91 98.33 98.99 98.02 98.07 99.58 99.34
Number of atoms in formulae (oxygen basis 32)
Al 15.658 15.695 15.788 15.792 15.832 15.794 15.825 15.807
Fe3+ 0.342 0.305 0.212 0.208 0.168 0.206 0.176 0.193
Fe2+ 1.967 1.903 3.468 3.390 3.481 3.446 2.592 2.594
Fetot 2.309 2.208 3.681 3.598 3.648 3.653 2.768 2.787
Mn 0.142 0.171 0.023 0.033 0.027 0.029 0.108 0.086
Mg 0.718 0.727 1.396 1.370 1.357 1.356 1.368 1.406
Zn 5.364 5.346 3.216 3.294 3.226 3.217 4.030 4.007
Total 24.189 24.146 24.104 24.088 24.089 24.048 24.098 24.093
End-member calculations
Hc 23.05 22.51 41.71 40.87 42.15 41.75 31.34 31.31
Gah 62.87 63.25 38.67 39.71 39.07 38.97 48.71 48.36
Spl 8.41 8.60 16.78 16.51 16.43 16.42 16.53 16.96
Mgt 4.01 3.61 2.55 2.51 2.03 2.50 2.12 2.32
Glx 1.66 2.02 0.28 0.40 0.32 0.36 1.30 1.04
211
     TABLE C.  (Cont.)
FRSL 10402_3 FRSL 10402_2 FRSL 10402_2 FRSL 10402_2 FRSL 10405A_1 FRSL 10405A_1 FRSL 10405A_1 FRSL 10405A_4
Sulfidic quartzite Sulfidic quartzite Sulfidic quartzite Sulfidic quartzite Sulfidic quartzite Sulfidic quartzite Sulfidic quartzite Sulfidic quartzite
Unn_George2 Unn_George Unn_George Unn_George Unn_George Unn_George Unn_George Unn_George
Al2O3 57.06 58.01 57.15 56.95 57.73 57.90 57.29 57.76
FeO 14.28 14.46 14.60 14.37 15.03 15.06 15.03 14.88
MnO 0.38 0.42 0.49 0.42 0.32 0.33 0.33 0.26
MgO 3.96 4.47 4.61 4.11 4.30 4.33 4.40 4.24
ZnO 22.85 22.30 21.83 22.42 21.91 21.63 21.20 22.57
Total 98.54 99.66 98.67 98.28 99.28 99.25 98.25 99.71
Number of atoms in formulae (oxygen basis 32)
Al 15.833 15.844 15.772 15.820 15.843 15.862 15.849 15.823
Fe3+ 0.168 0.156 0.228 0.180 0.157 0.138 0.151 0.177
Fe2+ 2.644 2.646 2.630 2.652 2.769 2.789 2.799 2.715
Fetot 2.811 2.802 2.858 2.832 2.926 2.928 2.950 2.892
Mn 0.077 0.082 0.097 0.084 0.062 0.066 0.065 0.052
Mg 1.391 1.544 1.611 1.445 1.494 1.499 1.539 1.468
Zn 3.972 3.815 3.774 3.901 3.766 3.713 3.674 3.874
Total 24.083 24.086 24.113 24.082 24.092 24.068 24.077 24.109
End-member calculations
Hc 32.04 32.10 31.54 32.10 33.57 33.99 34.02 32.77
Gah 48.14 46.28 45.26 47.22 45.66 45.25 44.65 46.75
Spl 16.86 18.73 19.31 17.49 18.11 18.27 18.70 17.72
Mgt 2.03 1.90 2.73 2.18 1.90 1.69 1.84 2.13
Glx 0.93 1.00 1.16 1.02 0.75 0.80 0.79 0.62
212
     TABLE C.  (Cont.)
FRSL 10405A_4 FRSL 10405A_4 FRSL 10405A_4 FRSL 10405A_4 FRSL 10405A_4 FRSL 10405A_4 FRSL 10405A_4 FRSL 10405A_4
Sulfidic quartzite Sulfidic quartzite Sulfidic quartzite Sulfidic quartzite Sulfidic quartzite Sulfidic quartzite Sulfidic quartzite Sulfidic quartzite
Unn_George2 Unn_George Unn_George Unn_George Unn_George Unn_George Unn_George Unn_George
Al2O3 57.33 57.37 57.46 57.60 57.30 58.10 57.32 57.71
FeO 14.79 14.92 14.66 14.77 14.56 14.34 14.93 14.96
MnO 0.26 0.24 0.24 0.38 0.27 0.25 0.28 0.27
MgO 4.25 4.27 4.36 4.27 4.30 3.97 4.25 4.26
ZnO 22.10 22.33 22.47 22.27 22.12 21.60 22.23 22.38
Total 98.73 99.13 99.19 99.28 98.54 98.26 99.01 99.57
Number of atoms in formulae (oxygen basis 32)
Al 15.816 15.788 15.810 15.824 15.839 15.991 15.803 15.825
Fe3+ 0.184 0.213 0.191 0.176 0.161 0.009 0.198 0.175
Fe2+ 2.711 2.701 2.672 2.703 2.694 2.792 2.722 2.736
Fetot 2.895 2.914 2.862 2.878 2.855 2.801 2.919 2.911
Mn 0.051 0.048 0.047 0.074 0.054 0.050 0.056 0.053
Mg 1.483 1.485 1.518 1.483 1.503 1.381 1.481 1.477
Zn 3.819 3.850 3.873 3.834 3.831 3.724 3.840 3.844
Total 24.064 24.084 24.110 24.095 24.081 23.947 24.099 24.110
End-member calculations
Hc 32.87 32.56 32.19 32.68 32.69 35.10 32.81 33.02
Gah 46.31 46.40 46.66 46.36 46.48 46.81 46.29 46.40
Spl 17.98 17.89 18.29 17.93 18.23 17.35 17.85 17.83
Mgt 2.23 2.56 2.29 2.12 1.96 0.11 2.38 2.11
Glx 0.61 0.58 0.56 0.90 0.65 0.63 0.67 0.64
1Notes: Major elements in wt %, all mineral abbreviations after Kretz (1983); 2These samples are from an unnamed prospect near George, along Porcupine Creek
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TABLE D.  Electron Microprobe Compositions of Amphiboles from Foster River1
FRSL 10175_4 FRSL 10175_3 FRSL 10175_3 FRSL 10175_3 FRSL 10175_5 FRSL 10175_5 FRSL 10175_5 FRSL 10175_5
Calc-sil gneiss Calc-sil gneiss Calc-sil gneiss Calc-sil gneiss Calc-sil gneiss Calc-sil gneiss Calc-sil gneiss Calc-sil gneiss
Fable Lake Fable Lake Fable Lake Fable Lake Fable Lake Fable Lake Fable Lake Fable Lake
tremolite tremolite tremolite tremolite tremolite tremolite tremolite tremolite
SiO2 57.90 56.71 56.12 56.69 56.94 55.80 57.26 56.67
TiO2 0.05 0.05 0.05 0.07 0.03 0.01 0.10 0.03
Al2O3 0.27 1.13 1.60 1.35 0.72 1.19 0.81 0.85
FeO 0.95 3.08 3.08 2.91 2.76 2.51 1.41 2.69
MnO 0.27 0.73 0.73 0.59 0.66 0.60 0.39 0.64
ZnO 0.02 0.12 0.06 0.05 0.11 --- --- 0.04
MgO 24.61 22.12 21.88 21.98 22.49 22.14 23.50 22.49
CaO 12.70 13.48 13.84 13.66 13.91 13.66 13.82 13.40
K2O 0.04 0.08 0.07 0.08 0.04 0.03 0.08 0.03
F 0.43 0.43 0.16 0.45 0.41 0.48 0.49 0.33
Cl 0.02 --- --- --- 0.00 0.01 --- 0.01
Total 97.25 97.93 97.59 97.84 98.07 96.43 97.86 97.17
Number of atoms in formulae (oxygen basis 23)
Si 8.00 8.00 8.00 8.00 8.00 8.00 8.00 8.00
Ti 0.00 0.01 0.01 0.01 0.00 0.00 0.01 0.00
AlIV --- --- --- --- --- --- --- ---
AlVI 0.33 0.38 0.39 0.41 0.32 0.37 0.34 0.36
Fe 0.11 0.37 0.37 0.35 0.33 0.31 0.17 0.33
Mn 0.03 0.09 0.09 0.07 0.08 0.07 0.05 0.08
Zn 0.00 0.01 0.01 0.01 0.01 --- --- 0.00
Mg 5.25 4.76 4.72 4.73 4.83 4.83 5.02 4.86
Ca 1.95 2.08 2.15 2.11 2.15 2.14 2.12 2.08
K 0.01 0.02 0.01 0.02 0.01 0.01 0.01 0.01
F 0.19 0.19 0.07 0.21 0.18 0.22 0.22 0.15
Cl 0.00 -0.00 --- --- 0.00 0.00 --- 0.00
Total 15.89 15.91 15.82 15.91 15.92 15.96 15.95 15.87
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TABLE D.  (Cont.)
FRSL 10175_5 FRSL 10175_5 FRSL 10175_5 FRSL 10175_5 JSSN 002_1 JSSN 002_1 JSSN 002_1 JSSN 002_1
Calc-sil gneiss Calc-sil gneiss Calc-sil gneiss Calc-sil gneiss Iron formation Iron formation Iron formation Iron formation
Fable Lake Fable Lake Fable Lake Fable Lake Sito North Sito North Sito North Sito North
tremolite tremolite tremolite tremolite hornblende hornblende hornblende hornblende
SiO2 56.09 56.12 57.12 55.65 43.29 41.79 41.55 41.77
TiO2 0.06 0.07 0.09 0.04 0.95 1.34 1.27 1.45
Al2O3 1.82 1.58 0.99 2.09 9.60 10.31 11.06 10.77
FeO 3.06 2.99 2.71 3.07 26.01 26.49 26.06 26.25
MnO 0.61 0.67 0.70 0.78 0.13 0.10 0.10 0.15
ZnO 0.10 --- --- 0.01 0.02 0.06 0.01 0.00
MgO 21.78 21.93 22.08 21.49 5.74 5.30 5.28 5.36
CaO 13.80 13.55 14.12 13.55 11.56 11.22 11.50 11.39
K2O 0.09 0.10 0.02 0.10 0.71 0.83 0.93 0.95
F 0.32 0.26 0.21 0.40 0.15 --- 0.08 0.08
Cl 0.00 --- 0.01 0.02 0.01 0.02 0.01 0.02
Total 97.72 97.26 98.06 97.20 98.18 97.46 97.85 98.18
Number of atoms in formulae (oxygen basis 23)
Si 8.00 8.00 8.00 8.00 7.01 6.84 6.77 6.79
Ti 0.01 0.01 0.01 0.00 0.12 0.16 0.16 0.18
AlIV --- --- --- --- 0.99 1.16 1.23 1.21
AlVI 0.42 0.41 0.37 0.46 0.84 0.83 0.90 0.85
Fe 0.37 0.36 0.33 0.37 3.52 3.63 3.55 3.57
Mn 0.07 0.08 0.08 0.10 0.02 0.01 0.01 0.02
Zn 0.01 --- -0.00 0.00 0.00 0.01 0.00 0.00
Mg 4.70 4.74 4.73 4.66 1.38 1.29 1.28 1.30
Ca 2.14 2.11 2.17 2.11 2.01 1.97 2.01 1.98
K 0.02 0.02 0.00 0.02 0.15 0.17 0.19 0.20
F 0.14 0.12 0.09 0.18 0.08 --- 0.04 0.04
Cl 0.00 --- 0.00 0.00 0.00 0.01 0.00 0.00
Total 15.88 15.85 15.80 15.92 16.11 16.09 16.15 16.14
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TABLE D.  (Cont.)
JSSN 002_1 JSSN 002_1 JSSN 002_1 JSSN 002_2 JSSN 002_2 JSSN 002_2 JSSN 002_2 JSSN 002_2
Iron formation Iron formation Iron formation Iron formation Iron formation Iron formation Iron formation Iron formation
Sito North Sito North Sito North Sito North Sito North Sito North Sito North Sito North
hornblende hornblende hornblende hornblende hornblende hornblende hornblende hornblende
SiO2 41.74 42.14 42.15 42.64 41.86 41.97 42.17 42.09
TiO2 1.51 1.26 1.30 1.32 1.32 1.35 1.29 1.30
Al2O3 10.76 10.13 10.34 10.13 10.38 10.59 10.46 10.37
FeO 25.81 25.42 25.26 25.62 25.76 26.17 26.07 25.80
MnO 0.13 0.14 0.18 0.14 0.10 0.14 0.11 0.17
ZnO 0.15 --- 0.02 0.03 0.04 0.03 --- 0.06
MgO 5.39 5.51 5.52 5.52 5.51 5.57 5.51 5.67
CaO 11.28 11.53 11.32 11.01 11.33 11.46 11.61 11.59
K2O 0.92 0.79 0.82 0.82 0.82 0.84 0.84 0.79
F --- 0.20 0.12 0.06 0.04 --- 0.05 0.08
Cl 0.00 0.00 --- 0.03 --- 0.01 0.01 0.01
Total 97.69 97.11 97.01 97.31 97.16 98.14 98.12 97.92
Number of atoms in formulae (oxygen basis 23)
Si 6.80 6.90 6.90 6.95 6.85 6.81 6.85 6.84
Ti 0.18 0.15 0.16 0.16 0.16 0.17 0.16 0.16
AlIV 1.20 1.10 1.10 1.05 1.15 1.19 1.15 1.16
AlVI 0.87 0.86 0.89 0.89 0.86 0.84 0.85 0.83
Fe 3.52 3.48 3.46 3.49 3.53 3.55 3.54 3.51
Mn 0.02 0.02 0.03 0.02 0.01 0.02 0.02 0.02
Zn 0.02 --- 0.00 0.00 0.00 0.00 --- 0.01
Mg 1.31 1.35 1.35 1.34 1.35 1.35 1.33 1.37
Ca 1.97 2.02 1.98 1.92 1.99 1.99 2.02 2.02
K 0.19 0.17 0.17 0.17 0.17 0.17 0.17 0.16
F --- 0.11 0.06 0.03 0.02 --- 0.03 0.04
Cl 0.00 0.00 --- 0.01 --- 0.00 0.00 0.00
Total 16.08 16.16 16.09 16.04 16.09 16.10 16.12 16.13
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TABLE D.  (Cont.)
JSSN 002_2 JSSN 002_2 JSSN 002_2 JSSN 002_2 JSSN 002_3 JSSN 002_3 JSSN 002_3 JSSN 007_4
Iron formation Iron formation Iron formation Iron formation Iron formation Iron formation Iron formation Iron formation
Sito North Sito North Sito North Sito North Sito North Sito North Sito North Sito North
hornblende hornblende hornblende hornblende hornblende hornblende hornblende hornblende
SiO2 41.77 42.78 41.82 42.37 42.49 41.75 42.40 43.01
TiO2 1.17 1.30 1.21 1.21 1.30 1.41 1.23 0.91
Al2O3 10.39 10.57 10.15 10.43 9.77 10.87 10.19 10.96
FeO 25.45 24.85 26.45 25.93 26.19 26.07 26.00 25.00
MnO 0.14 0.13 0.10 0.19 0.12 0.10 0.08 0.27
ZnO 0.14 --- 0.10 0.08 0.13 0.05 --- 0.00
MgO 5.65 5.77 5.54 5.66 5.66 5.38 5.59 6.91
CaO 11.52 11.51 11.43 11.54 11.26 11.38 11.49 10.48
K2O 0.87 0.81 0.82 0.83 0.79 0.92 0.80 0.49
F 0.04 0.10 0.16 0.14 0.13 0.13 0.09 ---
Cl --- 0.01 0.03 --- 0.01 0.03 0.00 0.00
Total 97.14 97.83 97.80 98.38 97.85 98.09 97.86 98.04
Number of atoms in formulae (oxygen basis 23)
Si 6.84 6.91 6.84 6.86 6.92 6.79 6.89 6.89
Ti 0.14 0.16 0.15 0.15 0.16 0.17 0.15 0.11
AlIV 1.16 1.09 1.16 1.14 1.08 1.21 1.11 1.11
AlVI 0.85 0.93 0.80 0.85 0.80 0.87 0.85 0.96
Fe 3.49 3.36 3.62 3.51 3.57 3.55 3.53 3.35
Mn 0.02 0.02 0.01 0.03 0.02 0.01 0.01 0.04
Zn 0.02 --- 0.01 0.01 0.02 0.01 --- 0.00
Mg 1.38 1.39 1.35 1.37 1.38 1.30 1.35 1.65
Ca 2.02 1.99 2.00 2.00 1.97 1.98 2.00 1.80
K 0.18 0.17 0.17 0.17 0.17 0.19 0.17 0.10
F 0.02 0.05 0.08 0.07 0.07 0.07 0.04 ---
Cl -0.00 0.00 0.01 -0.00 0.00 0.01 -0.00 0.00
Total 16.12 16.06 16.21 16.15 16.13 16.16 16.11 16.01
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TABLE D.  (Cont.)
JSRL 002_5 JSRL 002_5 JSSN 005_5 JSSN 005_5 JSSN 005_5 JSSN 005_5 JSSN 005_5 JSSN 011_7
Iron formation Iron formation Iron formation Iron formation Iron formation Iron formation Iron formation Iron formation
Robyn Lake Robyn Lake Sito North Sito North Sito North Sito North Sito North Sito North
cummingtonite cummingtonite hornblende hornblende hornblende hornblende hornblende cummingtonite
SiO2 52.34 52.19 42.67 42.70 42.65 42.72 43.22 48.27
TiO2 0.06 0.04 1.21 1.24 1.17 1.06 1.04 0.23
Al2O3 1.18 1.26 9.98 10.02 9.93 9.34 9.69 6.20
FeO 29.78 29.75 24.24 24.75 24.69 25.00 24.77 30.35
MnO 0.07 0.08 0.24 0.24 0.19 0.21 0.21 0.74
ZnO 0.02 0.06 0.04 --- --- --- 0.04 0.04
MgO 14.12 14.35 6.36 6.36 6.34 6.44 6.45 11.94
CaO 0.58 0.55 11.67 11.68 11.72 11.24 11.71 0.18
K2O --- --- 0.77 0.77 0.81 0.75 0.71 0.01
F --- 0.00 0.03 0.08 0.25 0.03 0.13 0.18
Cl 0.01 0.01 0.12 0.13 0.07 0.05 0.01 0.01
Total 98.15 98.29 97.33 97.98 97.82 96.84 97.98 98.15
Number of atoms in formulae (oxygen basis 23)
Si 8.00 8.00 6.93 6.91 6.92 6.99 6.98 7.63
Ti 0.01 0.00 0.15 0.15 0.14 0.13 0.13 0.03
AlIV --- --- 1.07 1.09 1.08 1.01 1.02 0.37
AlVI 0.40 0.39 0.84 0.82 0.82 0.79 0.82 0.78
Fe 3.89 3.89 3.29 3.35 3.35 3.42 3.34 4.01
Mn 0.01 0.01 0.03 0.03 0.03 0.03 0.03 0.10
Zn 0.00 0.01 0.00 --- --- --- 0.01 0.01
Mg 3.29 3.34 1.54 1.53 1.53 1.57 1.55 2.81
Ca 0.10 0.09 2.03 2.02 2.04 1.97 2.03 0.03
K -0.00 --- 0.16 0.16 0.17 0.16 0.15 0.00
F --- 0.00 0.02 0.04 0.13 0.02 0.07 0.09
Cl 0.00 0.00 0.03 0.04 0.02 0.01 0.00 0.00
Total 15.70 15.73 16.10 16.14 16.23 16.09 16.12 15.86
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TABLE D.  (Cont.)
JSSN 011_7 JSSN 011_7 JSSN 011_7 JSSN 011_7 JSSN 011_7 FRSL 10177_1 FRSL 10250_1 FRSL 10250_1
Iron formation Iron formation Iron formation Iron formation Iron formation Iron formation Iron formation Iron formation
Sito North Sito North Sito North Sito North Sito North Fable Lake Sito SW Sito SW
cummingtonite cummingtonite cummingtonite cummingtonite cummingtonite tremolite actinolite actinolite
SiO2 47.95 48.23 49.10 47.67 50.99 54.97 53.34 50.41
TiO2 0.28 0.27 0.29 0.27 0.18 0.30 0.05 0.20
Al2O3 6.58 6.41 5.24 7.38 2.36 2.61 0.51 2.33
FeO 30.69 30.06 30.33 30.40 31.01 3.66 15.32 13.72
MnO 0.66 0.69 0.64 0.69 0.67 1.61 0.88 0.86
ZnO 0.11 0.11 0.04 0.08 0.06 --- --- 0.01
MgO 11.80 11.92 12.29 11.70 13.04 20.89 15.37 11.85
CaO 0.18 0.19 0.16 0.20 0.20 12.51 11.32 18.89
K2O --- --- 0.01 0.01 --- 0.20 0.01 0.10
F 0.09 0.10 0.03 0.05 0.11 --- -0.00 0.03
Cl --- --- --- 0.00 0.00 --- 0.02 ---
Total 98.34 97.98 98.13 98.44 98.61 96.75 96.81 98.40
Number of atoms in formulae (oxygen basis 23)
Si 7.57 7.62 7.74 7.50 8.00 8.00 8.00 7.81
Ti 0.03 0.03 0.03 0.03 0.02 0.03 0.01 0.02
AlIV 0.43 0.38 0.26 0.50 --- --- --- 0.19
AlVI 0.79 0.81 0.71 0.87 0.46 0.49 0.29 0.24
Fe 4.05 3.97 4.00 4.00 4.08 0.45 1.97 1.78
Mn 0.09 0.09 0.09 0.09 0.09 0.20 0.11 0.11
Zn 0.01 0.01 0.00 0.01 0.01 -0.00 --- 0.00
Mg 2.78 2.81 2.89 2.74 3.06 4.55 3.52 2.74
Ca 0.03 0.03 0.03 0.03 0.03 1.96 1.86 3.14
K --- -0.00 0.00 0.00 --- 0.04 0.00 0.02
F 0.04 0.05 0.01 0.02 0.05 --- 0.00 0.01
Cl --- --- --- 0.00 0.00 --- 0.00 ---
Total 15.83 15.80 15.76 15.81 15.80 15.72 15.76 16.06
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TABLE D.  (Cont.)
FRSL 10250_1 FRSL 10250_1
Iron formation Iron formation




























1Notes: Major elements in wt %
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       TABLE E.  Electron Microprobe Compositions of Pyroxenes from Foster River1
FRSL 10175_2 FRSL 10175_2 FRSL 10175_2 FRSL 10175_2 FRSL 10175_2 FRSL 10175_3 FRSL 10175_3 JSSN 002_1
Calc-sil gneiss Calc-sil gneiss Calc-sil gneiss Calc-sil gneiss Calc-sil gneiss Calc-sil gneiss Calc-sil gneiss Iron formation
Fable Lake Fable Lake Fable Lake Fable Lake Fable Lake Fable Lake Fable Lake Sito North
diopside diopside diopside diopside diopside diopside diopside ferrosilite
SiO2 53.78 53.74 53.54 54.23 53.79 53.38 54.30 48.43
TiO2 0.02 0.04 0.01 0.05 0.03 0.02 --- 0.04
Al2O3 0.47 0.31 0.31 0.09 0.63 1.24 0.25 0.30
FeO 2.47 2.72 2.53 2.64 2.53 3.08 2.53 43.54
MnO 0.83 0.95 0.80 0.83 0.89 0.80 0.99 0.61
ZnO 0.00 0.02 0.06 0.01 0.13 0.13 0.01 ---
MgO 16.67 16.80 16.83 16.82 16.84 16.92 16.66 8.00
CaO 25.88 25.90 26.13 26.02 26.26 24.07 25.86 0.63
Total 100.13 100.47 100.21 100.68 101.09 99.65 100.59 101.55
Number of atoms in formulae (oxygen basis 24)
Si 7.88 7.87 7.86 7.91 7.83 7.84 7.92 7.91
Ti 0.00 0.00 0.00 0.01 0.00 0.00 --- 0.00
TAl 0.08 0.05 0.05 0.01 0.11 0.16 0.04 0.06
M1Al --- --- --- --- --- 0.06 --- ---
Fe3+ 0.04 0.08 0.09 0.08 0.07 0.00 0.04 0.03
Fe2+ 0.26 0.25 0.22 0.25 0.24 0.38 0.27 5.91
Mn 0.10 0.12 0.10 0.10 0.11 0.10 0.12 0.08
Zn 0.00 0.00 0.01 0.00 0.01 0.01 0.00 ---
Mg 3.64 3.67 3.68 3.66 3.65 3.70 3.62 1.95
Ca 4.06 4.06 4.11 4.07 4.09 3.79 4.04 0.11
Total 16.08 16.10 16.11 16.08 16.12 16.05 16.06 16.06
End-member calculations
Wo 50.10 50.91 52.13 52.14 52.40 50.56 52.48 5.26
En 44.90 45.93 46.71 46.89 46.77 49.44 47.04 93.16
Fs 3.26 3.15 1.15 0.97 0.83 0.00 0.48 1.58
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TABLE E.  (Cont.)
JSSN 002_1 JSSN 002_1 JSSN 002_1 JSSN 002_1 JSSN 002_2 JSSN 002_2 JSSN 002_2 JSSN 002_2
Iron formation Iron formation Iron formation Iron formation Iron formation Iron formation Iron formation Iron formation
Sito North Sito North Sito North Sito North Sito North Sito North Sito North Sito North
ferrosilite ferrosilite ferrosilite ferrosilite ferrosilite ferrosilite ferrosilite ferrosilite
SiO2 48.16 48.18 48.58 48.32 48.20 48.47 48.59 48.64
TiO2 0.02 0.06 0.05 0.02 0.11 0.01 0.07 0.06
Al2O3 0.35 0.44 0.40 0.41 0.38 0.41 0.43 0.39
FeO 43.26 43.40 43.21 42.94 41.69 42.95 43.04 43.00
MnO 0.49 0.57 0.63 0.63 0.57 0.59 0.60 0.56
ZnO --- 0.07 0.03 0.04 0.05 0.05 0.03 ---
MgO 7.97 8.09 8.05 8.11 8.02 8.12 8.14 8.36
CaO 0.94 0.91 0.73 0.84 2.16 1.06 0.93 0.88
Total 101.19 101.70 101.67 101.32 101.19 101.66 101.83 101.89
Number of atoms in formulae (oxygen basis 24)
Si 7.89 7.86 7.91 7.90 7.87 7.89 7.90 7.89
Ti 0.00 0.01 0.01 0.00 0.01 0.00 0.01 0.01
TAl 0.07 0.08 0.08 0.08 0.07 0.08 0.08 0.07
M1Al --- --- --- --- --- --- --- ---
Fe3+ 0.04 0.05 0.01 0.02 0.05 0.03 0.02 0.03
Fe2+ 5.89 5.87 5.87 5.85 5.64 5.82 5.83 5.81
Mn 0.07 0.08 0.09 0.09 0.08 0.08 0.08 0.08
Zn --- 0.01 0.00 0.01 0.01 0.01 0.00 ---
Mg 1.95 1.97 1.95 1.98 1.95 1.97 1.97 2.02
Ca 0.16 0.16 0.13 0.15 0.38 0.18 0.16 0.15
Total 16.07 16.09 16.05 16.06 16.07 16.07 16.06 16.07
End-member calculations
Wo 2.05 1.98 1.60 1.85 4.74 2.31 2.04 1.93
En 24.32 24.62 24.57 24.80 24.49 24.71 24.76 25.35
Fs 73.62 73.39 73.83 73.35 70.78 72.98 73.20 72.73
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TABLE E.  (Cont.)
JSSN 002_2 JSSN 002_2 JSSN 007_4 JSSN 005_2 JSSN 005_2 JSSN 005_2 JSSN 005_2 JSSN 005_2
Iron formation Iron formation Iron formation Iron formation Iron formation Iron formation Iron formation Iron formation
Sito North Sito North Sito North Sito North Sito North Sito North Sito North Sito North
ferrosilite ferrosilite ferrosilite ferrosilite ferrosilite ferrosilite ferrosilite ferrosilite
SiO2 48.76 48.16 49.58 51.18 50.43 50.55 50.70 47.33
TiO2 0.03 0.06 0.01 0.04 0.00 0.07 0.06 0.08
Al2O3 0.44 0.35 0.51 0.43 0.38 0.39 0.51 0.50
FeO 43.04 43.77 39.70 35.63 36.84 36.80 36.05 41.57
MnO 0.57 0.48 0.93 0.69 0.72 0.73 0.60 0.88
ZnO 0.02 0.00 --- 0.10 0.08 0.01 0.05 0.08
MgO 8.11 8.20 10.88 8.86 8.97 9.00 9.31 8.57
CaO 0.89 0.75 0.50 1.98 0.89 0.85 0.87 0.82
Total 101.85 101.76 102.10 98.91 98.31 98.42 98.15 99.84
Number of atoms in formulae (oxygen basis 24)
Si 7.91 7.86 7.89 8.00 8.00 8.00 8.00 7.84
Ti 0.00 0.01 0.00 0.00 0.00 0.01 0.01 0.01
TAl 0.08 0.07 0.10 --- --- --- --- 0.10
M1Al --- --- --- 0.33 0.29 0.29 0.33 ---
Fe3+ --- 0.07 0.01 --- --- --- --- 0.06
Fe2+ 5.84 5.90 5.27 4.80 5.02 5.00 4.89 5.70
Mn 0.08 0.07 0.13 0.09 0.10 0.10 0.08 0.12
Zn 0.00 0.00 --- 0.01 0.01 0.00 0.01 0.01
Mg 1.96 1.99 2.58 2.13 2.18 2.18 2.25 2.12
Ca 0.15 0.13 0.08 0.34 0.16 0.15 0.15 0.15
Total 16.04 16.10 16.06 15.71 15.75 15.74 15.72 16.10
End-member calculations
Wo 1.94 1.62 1.06 4.71 2.11 2.03 2.07 1.82
En 24.65 24.85 32.51 29.28 29.61 29.74 30.88 26.59
Fs 73.40 73.53 66.43 66.02 68.28 68.23 67.05 71.59
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TABLE E.  (Cont.)
JSSN 005_2 JSSN 005_2 JSSN 005_2 JSSN 005_2 JSSN 005_2 JSSN 005_2 JSSN 005_5 JSSN 005_5
Iron formation Iron formation Iron formation Iron formation Iron formation Iron formation Iron formation Iron formation
Sito North Sito North Sito North Sito North Sito North Sito North Sito North Sito North
ferrosilite ferrosilite ferrosilite ferrosilite ferrosilite ferrosilite augite augite
SiO2 48.23 48.46 48.12 50.77 50.94 50.25 49.93 49.87
TiO2 0.04 0.06 0.03 0.02 0.03 0.03 0.09 0.05
Al2O3 0.42 0.93 0.37 0.38 0.26 0.71 0.69 0.77
FeO 41.72 40.90 42.40 36.29 35.50 31.90 18.79 18.85
MnO 0.94 0.88 0.96 0.61 0.60 0.42 0.36 0.39
ZnO --- 0.07 0.10 0.05 0.04 0.08 --- ---
MgO 8.89 8.83 8.43 9.19 9.50 8.24 7.94 7.71
CaO 0.87 1.56 0.83 0.86 1.52 6.88 22.57 22.53
Total 101.12 101.67 101.24 98.16 98.39 98.51 100.38 100.17
Number of atoms in formulae (oxygen basis 24)
Si 7.87 7.83 7.87 8.00 8.00 8.00 7.82 7.82
Ti 0.00 0.01 0.00 0.00 0.00 0.00 0.01 0.01
TAl 0.08 0.17 0.07 --- --- --- 0.13 0.14
M1Al --- 0.01 --- 0.32 0.29 0.25 --- ---
Fe3+ 0.05 --- 0.06 --- --- --- 0.05 0.03
Fe2+ 5.64 5.53 5.74 4.93 4.80 4.31 2.41 2.44
Mn 0.13 0.12 0.13 0.08 0.08 0.06 0.05 0.05
Zn --- 0.01 0.01 0.01 0.01 0.01 --- ---
Mg 2.16 2.13 2.05 2.22 2.29 1.98 1.85 1.80
Ca 0.15 0.27 0.15 0.15 0.26 1.19 3.79 3.79
Total 16.09 16.07 16.09 15.72 15.73 15.81 16.11 16.09
End-member calculations
Wo 1.92 3.40 1.84 2.05 3.59 15.91 47.05 47.15
En 27.18 26.84 25.87 30.46 31.14 26.51 23.04 22.46
Fs 70.90 69.76 72.30 67.49 65.27 57.58 29.91 30.39
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TABLE E.  (Cont.)
JSSN 005_5 JSSN 005_5 JSSN 005_5 JSSN 005_5 JSSN 005_5 JSSN 005_5 JSSN 005_5 JSSN 005_5
Iron formation Iron formation Iron formation Iron formation Iron formation Iron formation Iron formation Iron formation
Sito North Sito North Sito North Sito North Sito North Sito North Sito North Sito North
augite augite augite augite augite augite augite augite
SiO2 49.74 50.12 49.69 50.19 49.71 50.20 48.83 50.56
TiO2 0.00 0.08 0.15 0.02 0.07 0.06 0.31 0.14
Al2O3 0.25 0.63 1.25 0.43 0.68 0.76 3.29 1.52
FeO 18.68 19.08 20.09 19.01 19.25 19.13 21.31 26.91
MnO 0.35 0.41 0.35 0.37 0.37 0.37 0.27 0.31
ZnO --- --- --- 0.07 0.08 --- --- 0.03
MgO 7.90 8.04 7.76 7.81 7.86 7.85 8.00 9.87
CaO 23.13 22.24 21.14 22.69 22.56 22.69 17.09 8.80
Total 100.05 100.60 100.42 100.57 100.58 101.06 99.09 98.15
Number of atoms in formulae (oxygen basis 24)
Si 7.83 7.83 7.79 7.85 7.79 7.82 7.69 8.00
Ti 0.00 0.01 0.02 0.00 0.01 0.01 0.04 0.02
TAl 0.05 0.12 0.21 0.08 0.13 0.14 0.31 ---
M1Al --- --- 0.02 --- --- --- 0.31 0.32
Fe3+ 0.13 0.05 --- 0.07 0.08 0.04 --- ---
Fe2+ 2.33 2.44 2.63 2.42 2.44 2.45 2.81 3.58
Mn 0.05 0.05 0.05 0.05 0.05 0.05 0.04 0.04
Zn --- --- --- 0.01 0.01 --- --- 0.00
Mg 1.85 1.87 1.81 1.82 1.84 1.82 1.88 2.34
Ca 3.90 3.72 3.55 3.80 3.79 3.78 2.88 1.50
Total 16.13 16.10 16.08 16.10 16.13 16.11 15.95 15.80
End-member calculations
Wo 48.25 46.34 44.39 47.29 46.98 46.99 38.10 20.22
En 22.92 23.31 22.67 22.63 22.76 22.63 24.82 31.55
Fs 28.84 30.35 32.94 30.07 30.26 30.38 37.08 48.23
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TABLE E.  (Cont.)
JSSN 005_5 JSSN 005_5 JSSN 005_5 JSSN 005_5 JSSN 005_5 JSSN 005_5 JSSN 005_5 JSSN 005_5
Iron formation Iron formation Iron formation Iron formation Iron formation Iron formation Iron formation Iron formation
Sito North Sito North Sito North Sito North Sito North Sito North Sito North Sito North
augite augite augite augite augite augite augite augite
SiO2 49.12 47.49 48.98 48.02 49.61 49.94 51.49 49.76
TiO2 0.04 0.25 0.14 0.21 0.05 --- --- 0.04
Al2O3 0.35 5.81 3.74 4.99 0.26 0.43 0.63 0.62
FeO 18.70 24.11 24.58 24.83 18.83 18.97 24.37 19.06
MnO 0.37 0.34 0.33 0.33 0.40 0.27 0.32 0.32
ZnO -0.00 0.09 0.00 --- --- 0.04 0.07 0.10
MgO 7.47 7.82 8.47 8.20 7.73 7.78 9.80 8.05
CaO 22.58 12.03 11.78 11.74 22.78 23.18 11.82 22.41
Total 98.62 97.93 98.02 98.32 99.65 100.60 98.50 100.36
Number of atoms in formulae (oxygen basis 24)
Si 7.83 7.56 7.79 7.63 7.84 7.83 8.00 7.81
Ti 0.00 0.03 0.02 0.02 0.01 --- --- 0.00
TAl 0.07 0.44 0.21 0.37 0.05 0.08 --- 0.11
M1Al --- 0.65 0.49 0.56 --- --- 0.24 ---
Fe3+ 0.11 --- --- --- 0.11 0.09 ---
Fe2+ 2.39 3.21 3.27 3.30 2.38 2.39 3.22 2.50
Mn 0.05 0.05 0.04 0.04 0.05 0.04 0.04 0.04
Zn -0.00 0.01 0.00 --- --- 0.00 0.01 0.01
Mg 1.78 1.86 2.01 1.94 1.82 1.82 2.31 1.88
Ca 3.86 2.05 2.01 2.00 3.86 3.89 2.00 3.77
Total 16.07 15.85 15.83 15.87 16.11 16.14 15.82 16.13
End-member calculations
Wo 48.10 28.83 27.56 27.60 47.89 48.04 26.58 46.22
En 22.15 26.07 27.57 26.83 22.61 22.43 30.66 23.09
Fs 29.76 45.10 44.87 45.56 29.50 29.53 42.76 30.69
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TABLE E.  (Cont.)
JSSN 011_2 JSSN 011_2 JSSN 011_2 JSSN 011_2 JSSN 011_2 JSSN 011_2 JSSN 011_2 JSSN 011_2
Iron formation Iron formation Iron formation Iron formation Iron formation Iron formation Iron formation Iron formation
Sito North Sito North Sito North Sito North Sito North Sito North Sito North Sito North
ferrosilite ferrosilite ferrosilite ferrosilite ferrosilite ferrosilite ferrosilite ferrosilite
SiO2 49.02 48.84 48.99 48.60 49.56 49.86 49.21 49.21
TiO2 0.07 0.01 0.04 0.07 0.02 0.04 0.10 0.07
Al2O3 1.91 1.79 1.74 1.84 1.35 1.31 1.67 1.71
FeO 37.31 37.64 37.43 37.28 36.32 36.55 37.23 36.99
MnO 0.58 0.58 0.63 0.62 0.60 0.57 0.55 0.64
ZnO 0.06 0.07 --- --- 0.10 0.04 0.00 0.04
MgO 12.74 12.93 12.85 12.81 13.59 13.62 13.26 13.06
CaO 0.09 0.09 0.07 0.10 0.06 0.12 0.05 0.08
Total 101.77 101.96 101.75 101.32 101.61 102.10 102.07 101.81
Number of atoms in formulae (oxygen basis 24)
Si 7.72 7.70 7.73 7.70 7.78 7.79 7.72 7.74
Ti 0.01 0.00 0.00 0.01 0.00 0.00 0.01 0.01
TAl 0.28 0.30 0.27 0.30 0.22 0.21 0.28 0.26
M1Al 0.08 0.03 0.05 0.05 0.03 0.03 0.03 0.06
Fe3+ --- --- --- --- --- --- --- ---
Fe2+ 4.92 4.96 4.94 4.94 4.77 4.78 4.89 4.87
Mn 0.08 0.08 0.08 0.08 0.08 0.08 0.07 0.08
Zn 0.01 0.01 --- --- 0.01 0.00 0.00 0.00
Mg 2.99 3.04 3.02 3.03 3.18 3.17 3.10 3.06
Ca 0.01 0.02 0.01 0.02 0.01 0.02 0.01 0.01
Total 16.09 16.13 16.11 16.12 16.09 16.09 16.11 16.09
End-member calculations
Wo 0.18 0.19 0.14 0.22 0.13 0.25 0.11 0.18
En 37.77 37.90 37.90 37.90 39.96 39.81 38.79 38.55
Fs 62.05 61.91 61.95 61.89 59.91 59.94 61.10 61.27
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TABLE E.  (Cont.)
JSSN 011_7 JSSN 011_7 JSGO 002_2 JSGO 002_2 JSGO 002_2 JSGO 002_2 JSGO 002_2 JSGO 002_2
Iron formation Iron formation Iron formation Iron formation Iron formation Iron formation Iron formation Iron formation
Sito North Sito North George George George George George George
ferrosilite ferrosilite ferrosilite ferrosilite ferrosilite ferrosilite ferrosilite ferrosilite
SiO2 48.87 48.98 48.14 47.41 46.33 50.80 50.60 50.43
TiO2 0.02 0.01 0.07 0.06 0.05 0.02 0.01 0.04
Al2O3 1.88 1.96 0.27 0.33 0.32 0.39 0.46 0.46
FeO 37.10 37.36 42.38 41.60 41.50 35.77 36.79 36.89
MnO 0.91 0.94 2.23 2.18 2.45 1.53 1.52 1.57
ZnO --- --- 0.07 --- --- 0.11 0.05 0.03
MgO 12.59 12.63 7.80 7.69 7.03 8.77 8.26 8.28
CaO 0.06 0.06 0.75 0.82 0.69 0.69 0.51 0.72
Total 101.43 101.94 101.71 100.09 98.36 98.08 98.19 98.43
Number of atoms in formulae (oxygen basis 24)
Si 7.73 7.71 7.88 7.88 7.87 8.00 8.00 8.00
Ti 0.00 0.00 0.01 0.01 0.01 0.00 0.00 0.00
TAl 0.27 0.29 0.05 0.07 0.06 --- --- ---
M1Al 0.08 0.08 --- --- --- 0.34 0.35 0.32
Fe3+ --- --- 0.07 0.06 0.07 --- --- ---
Fe2+ 4.91 4.92 5.73 5.73 5.83 4.87 5.02 5.04
Mn 0.12 0.13 0.31 0.31 0.35 0.21 0.21 0.22
Zn --- --- 0.01 --- --- 0.01 0.01 0.00
Mg 2.97 2.97 1.90 1.90 1.78 2.13 2.01 2.01
Ca 0.01 0.01 0.13 0.15 0.12 0.12 0.09 0.13
Total 16.10 16.10 16.09 16.09 16.09 15.69 15.69 15.72
End-member calculations
Wo 0.14 0.13 1.69 1.88 1.61 1.68 1.25 1.75
En 37.65 37.56 24.52 24.48 23.03 29.89 28.22 28.08
Fs 62.22 62.31 73.79 73.63 75.36 68.42 70.52 70.17
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TABLE E.  (Cont.)
JSGO 002_2 JSGO 002_2 JSGO 002_2 JSGO 002_2 JSGO 002_2 JSGO 002_2 JSGO 002_2 JSGO 002_2
Iron formation Iron formation Iron formation Iron formation Iron formation Iron formation Iron formation Iron formation
George George George George George George George George
ferrosilite ferrosilite ferrosilite ferrosilite ferrosilite ferrosilite ferrosilite ferrosilite
SiO2 50.48 50.45 51.32 50.99 50.12 50.67 46.45 50.10
TiO2 0.08 0.04 0.03 0.03 0.02 0.01 0.32 0.05
Al2O3 0.51 0.47 0.33 0.32 0.24 0.21 0.24 0.44
FeO 36.06 36.70 33.87 35.16 39.05 36.21 40.36 38.50
MnO 1.53 1.57 1.53 1.54 1.53 1.67 2.03 1.88
ZnO 0.12 0.01 0.06 0.01 --- 0.08 0.02 0.11
MgO 8.32 8.54 10.45 9.11 7.41 8.62 7.97 7.22
CaO 0.69 0.74 0.63 0.67 0.30 0.33 0.66 0.41
Total 97.79 98.52 98.22 97.84 98.66 97.79 98.06 98.69
Number of atoms in formulae (oxygen basis 24)
Si 8.00 8.00 8.00 8.00 8.00 8.00 7.86 8.00
Ti 0.01 0.01 0.00 0.00 0.00 0.00 0.04 0.01
TAl --- --- --- --- --- --- 0.05 ---
M1Al 0.36 0.31 0.32 0.35 0.28 0.33 --- 0.31
Fe3+ --- --- --- --- --- --- 0.10 ---
Fe2+ 4.93 5.00 4.56 4.78 5.37 4.96 5.61 5.29
Mn 0.21 0.22 0.21 0.21 0.21 0.23 0.29 0.26
Zn 0.01 0.00 0.01 0.00 -0.00 0.01 0.00 0.01
Mg 2.03 2.07 2.51 2.21 1.82 2.10 2.01 1.77
Ca 0.12 0.13 0.11 0.12 0.05 0.06 0.12 0.07
Total 15.68 15.73 15.71 15.68 15.74 15.69 16.08 15.72
End-member calculations
Wo 1.70 1.79 1.51 1.65 0.72 0.81 1.53 1.00
En 28.65 28.80 34.95 31.08 25.10 29.56 25.64 24.80
Fs 69.65 69.41 63.54 67.27 74.18 69.64 72.83 74.20
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TABLE E.  (Cont.)
JSGO 002_1 JSGO 002_1 JSGO 002_1 JSGO 002_1 JSGO 002_1 JSGO 002_1 JSGO 002_1 JSGO 002_1
Iron formation Iron formation Iron formation Iron formation Iron formation Iron formation Iron formation Iron formation
George George George George George George George George
ferrosilite ferrosilite ferrosilite ferrosilite ferrosilite ferrosilite ferrosilite ferrosilite
SiO2 47.72 47.78 50.40 47.66 47.75 49.89 50.40 50.89
TiO2 0.04 0.05 0.04 0.05 0.03 0.06 0.03 0.05
Al2O3 0.29 0.32 0.38 0.31 0.28 0.23 0.45 0.40
FeO 42.36 42.07 37.69 43.29 43.00 38.18 37.13 36.20
MnO 2.28 2.41 2.05 2.46 2.53 1.79 1.79 1.78
ZnO 0.07 --- -0.00 0.07 --- 0.02 0.01 ---
MgO 7.28 7.53 7.71 7.09 7.15 7.57 8.16 8.81
CaO 0.65 0.56 0.37 0.59 0.43 0.25 0.64 0.59
Total 100.68 100.72 98.63 101.52 101.17 97.97 98.60 98.71
Number of atoms in formulae (oxygen basis 24)
Si 7.90 7.90 8.00 7.86 7.89 8.24 8.23 8.25
Ti 0.00 0.01 0.01 0.01 0.00 0.01 0.00 0.01
TAl 0.06 0.06 --- 0.06 0.05 --- --- ---
M1Al --- --- 0.32 --- --- 0.05 0.09 0.08
Fe3+ 0.04 0.04 --- 0.08 0.06 --- --- ---
Fe2+ 5.82 5.77 5.16 5.90 5.89 5.28 5.07 4.91
Mn 0.32 0.34 0.28 0.34 0.35 0.25 0.25 0.24
Zn 0.01 --- -0.00 0.01 --- 0.00 0.00 ---
Mg 1.80 1.86 1.88 1.74 1.76 1.86 1.98 2.13
Ca 0.11 0.10 0.07 0.10 0.08 0.04 0.11 0.10
Total 16.07 16.07 15.71 16.10 16.08 15.73 15.73 15.71
End-member calculations
Wo 1.48 1.29 0.92 1.35 0.99 0.60 1.56 1.43
En 23.24 24.01 26.47 22.52 22.80 25.94 27.71 29.82
Fs 75.27 74.70 72.62 76.13 76.22 73.45 70.74 68.75
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TABLE E.  (Cont.)
JSGO 002_1 JSGO 002_1 JSGO 002_1 JSGO 002_1 JSGO 002_1 JSGO 002_1 JSGO 002_3 JSGO 002_3
Iron formation Iron formation Iron formation Iron formation Iron formation Iron formation Iron formation Iron formation
George George George George George George George George
ferrosilite ferrosilite ferrosilite ferrosilite ferrosilite ferrosilite ferrosilite ferrosilite
SiO2 50.46 50.29 49.96 51.25 50.55 50.17 46.73 50.47
TiO2 --- 0.03 0.02 0.04 0.04 --- 0.06 0.03
Al2O3 0.41 0.35 0.31 0.24 0.26 0.26 0.82 0.43
FeO 37.04 37.64 37.16 37.63 37.11 37.74 41.44 37.91
MnO 1.72 1.72 1.77 1.48 1.63 1.66 2.41 2.14
ZnO --- 0.12 0.10 --- 0.05 0.18 --- ---
MgO 8.38 7.92 7.91 8.39 8.01 7.85 6.04 7.58
CaO 0.64 0.62 0.64 0.53 0.39 0.55 0.50 0.23
Total 98.65 98.68 97.87 99.56 98.04 98.41 98.00 98.78
Number of atoms in formulae (oxygen basis 24)
Si 8.00 8.00 8.00 8.00 8.00 8.00 7.94 8.00
Ti --- 0.00 0.00 0.00 0.01 --- 0.01 0.00
TAl 0.06
M1Al 0.30 0.29 0.29 0.31 0.34 0.29 0.10 0.34
Fe3+ --- --- --- --- --- --- --- ---
Fe2+ 5.05 5.15 5.12 5.08 5.09 5.18 5.89 5.18
Mn 0.24 0.24 0.25 0.20 0.23 0.23 0.35 0.30
Zn --- 0.01 0.01 --- 0.01 0.02 --- ---
Mg 2.04 1.93 1.94 2.02 1.96 1.92 1.53 1.85
Ca 0.11 0.11 0.11 0.09 0.07 0.10 0.09 0.04
Total 15.74 15.74 15.73 15.71 15.69 15.74 15.97 15.71
End-member calculations
Wo 1.55 1.50 1.58 1.29 0.97 1.34 1.21 0.57
En 28.28 26.88 27.08 28.07 27.50 26.67 20.38 26.12
Fs 70.16 71.62 71.34 70.64 71.53 71.99 78.41 73.32
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TABLE E.  (Cont.)
JSGO 002_3 JSGO 002_3 JSGO 002_3 JSGO 002_3 JSGO 002_3 JSGO 002_3 JSGO 002_3 JSGO 002_3
Iron formation Iron formation Iron formation Iron formation Iron formation Iron formation Iron formation Iron formation
George George George George George George George George
ferrosilite ferrosilite ferrosilite ferrosilite ferrosilite ferrosilite ferrosilite ferrosilite
SiO2 47.88 47.52 47.44 47.39 47.90 48.01 47.59 47.65
TiO2 0.06 0.01 0.07 0.08 0.05 0.09 0.10 0.10
Al2O3 0.47 0.48 0.57 0.49 0.48 0.49 0.49 0.47
FeO 42.21 42.32 42.28 41.98 42.51 42.12 42.48 42.26
MnO 2.38 2.45 2.47 2.38 2.41 2.45 2.32 2.35
ZnO 0.07 0.06 0.03 --- 0.03 0.08 0.06 0.03
MgO 7.47 7.28 7.39 7.12 7.45 7.56 7.32 7.48
CaO 0.64 0.64 0.54 0.56 0.57 0.45 0.60 0.59
Total 101.17 100.76 100.78 100.00 101.40 101.25 100.95 100.93
Number of atoms in formulae (oxygen basis 24)
Si 7.88 7.87 7.85 7.89 7.87 7.88 7.86 7.86
Ti 0.01 0.00 0.01 0.01 0.01 0.01 0.01 0.01
TAl 0.09 0.09 0.11 0.10 0.09 0.09 0.10 0.09
M1Al --- --- --- --- --- --- --- ---
Fe3+ 0.03 0.04 0.04 0.01 0.04 0.02 0.04 0.04
Fe2+ 5.78 5.82 5.81 5.84 5.81 5.76 5.83 5.79
Mn 0.33 0.34 0.35 0.34 0.34 0.34 0.33 0.33
Zn 0.01 0.01 0.00 --- 0.00 0.01 0.01 0.00
Mg 1.83 1.80 1.82 1.77 1.83 1.85 1.80 1.84
Ca 0.11 0.11 0.10 0.10 0.10 0.08 0.11 0.10
Total 16.07 16.08 16.09 16.05 16.08 16.06 16.08 16.08
End-member calculations
Wo 1.45 1.47 1.23 1.29 1.30 1.03 1.37 1.35
En 23.73 23.24 23.59 22.95 23.61 24.04 23.30 23.79
Fs 74.82 75.29 75.18 75.77 75.08 74.92 75.33 74.86
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TABLE E.  (Cont.)
JSGO 002_3 JSGO 002_3 JSGO 002_3 JSJL 004_4 JSJL 004_4 JSJL 004_4 JSJL 004_4 JSJL 004_4
Iron formation Iron formation Iron formation Iron formation Iron formation Iron formation Iron formation Iron formation
George George George Jess Lake Jess Lake Jess Lake Jess Lake Jess Lake
ferrosilite ferrosilite ferrosilite ferrosilite ferrosilite ferrosilite ferrosilite ferrosilite
SiO2 47.91 47.35 48.08 50.24 48.98 49.28 49.06 46.85
TiO2 0.11 0.07 0.09 0.09 0.03 0.06 0.08 0.53
Al2O3 0.51 0.52 0.46 0.64 0.57 0.60 0.70 2.12
FeO 42.30 42.40 42.26 35.75 39.11 39.46 39.41 37.16
MnO 2.24 2.39 2.37 0.74 0.84 0.81 0.88 0.64
ZnO 0.12 0.06 0.10 0.03 0.10 0.09 --- 0.01
MgO 7.66 7.52 7.59 11.37 11.18 11.31 11.04 10.51
CaO 0.58 0.65 0.67 0.54 0.43 0.43 0.46 0.22
Total 101.40 100.95 101.61 99.40 101.23 102.03 101.63 98.04
Number of atoms in formulae (oxygen basis 24)
Si 7.86 7.83 7.87 8.00 7.86 7.84 7.84 7.68
Ti 0.01 0.01 0.01 0.01 0.00 0.01 0.01 0.07
TAl 0.10 0.10 0.09 --- 0.11 0.11 0.13 0.32
M1Al --- --- --- 0.17 0.09
Fe3+ 0.04 0.07 0.04 --- 0.04 0.04 0.03 ---
Fe2+ 5.76 5.79 5.75 4.79 5.21 5.21 5.24 5.09
Mn 0.31 0.34 0.33 0.10 0.11 0.11 0.12 0.09
Zn 0.01 0.01 0.01 0.00 0.01 0.01 --- 0.00
Mg 1.87 1.85 1.85 2.72 2.67 2.68 2.63 2.57
Ca 0.10 0.11 0.12 0.09 0.07 0.07 0.08 0.04
Total 16.08 16.11 16.07 15.88 16.09 16.09 16.08 15.94
End-member calculations
Wo 1.31 1.47 1.52 1.23 0.93 0.92 0.99 0.51
En 24.21 23.89 23.99 35.73 33.58 33.70 33.09 33.35
Fs 74.48 74.63 74.49 63.04 65.49 65.39 65.92 66.14
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TABLE E.  (Cont.)
JSJL 004_4 JSJL 004_4 JSJL 004_4 JSJL 004_1 JSJL 004_1 JSJL 004_1 JSJL 004_1 JSJL 004_1
Iron formation Iron formation Iron formation Iron formation Iron formation Iron formation Iron formation Iron formation
Jess Lake Jess Lake Jess Lake Jess Lake Jess Lake Jess Lake Jess Lake Jess Lake
ferrosilite ferrosilite ferrosilite ferrosilite ferrosilite ferrosilite ferrosilite ferrosilite
SiO2 49.59 49.10 49.37 49.43 47.32 49.05 49.40 49.42
TiO2 0.08 0.10 0.07 0.08 0.08 0.12 0.07 0.09
Al2O3 0.69 0.66 0.60 0.64 0.73 0.63 0.55 0.54
FeO 39.26 39.41 40.01 38.99 38.97 39.63 39.41 39.29
MnO 0.87 0.83 0.77 0.79 0.78 0.77 0.82 0.81
ZnO 0.09 0.04 0.06 0.09 0.14 0.04 0.02 0.01
MgO 11.24 10.95 11.10 11.36 10.30 11.32 11.30 11.12
CaO 0.51 0.50 0.40 0.49 0.43 0.45 0.47 0.41
Total 102.33 101.59 102.38 101.87 98.75 102.00 102.04 101.68
Number of atoms in formulae (oxygen basis 24)
Si 7.86 7.85 7.84 7.86 7.82 7.82 7.86 7.88
Ti 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01
TAl 0.13 0.12 0.11 0.12 0.14 0.12 0.10 0.10
M1Al --- --- --- --- --- --- --- ---
Fe3+ 0.01 0.02 0.04 0.02 0.04 0.06 0.04 0.02
Fe2+ 5.19 5.27 5.27 5.17 5.35 5.22 5.20 5.22
Mn 0.12 0.11 0.10 0.11 0.11 0.10 0.11 0.11
Zn 0.01 0.00 0.01 0.01 0.02 0.00 0.00 0.00
Mg 2.65 2.61 2.63 2.69 2.54 2.69 2.68 2.64
Ca 0.09 0.09 0.07 0.08 0.08 0.08 0.08 0.07
Total 16.07 16.10 16.09 16.07 16.10 16.11 16.08 16.06
End-member calculations
Wo 1.09 1.08 0.86 1.06 0.96 0.96 0.99 0.87
En 33.42 32.75 32.80 33.82 31.73 33.42 33.50 33.24
Fs 65.50 66.16 66.35 65.13 67.32 65.63 65.51 65.89
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TABLE E.  (Cont.)
JSJL 004_1 JSRL 003_1 JSRL 003_1 JSRL 003_1 JSRL 003_1 JSRL 003_1 JSRL 003_1 JSRL 003_1
Iron formation Iron formation Iron formation Iron formation Iron formation Iron formation Iron formation Iron formation
Jess Lake Robyn Lake Robyn Lake Robyn Lake Robyn Lake Robyn Lake Robyn Lake Robyn Lake
ferrosilite ferrosilite ferrosilite ferrosilite ferrosilite ferrosilite ferrosilite ferrosilite
SiO2 49.16 50.15 49.81 50.06 50.21 49.95 50.18 49.76
TiO2 0.08 0.05 0.02 0.02 0.07 0.02 0.06 0.04
Al2O3 0.55 0.49 0.51 0.48 0.56 0.58 0.52 0.54
FeO 39.68 35.93 35.58 36.18 35.49 35.71 35.77 35.59
MnO 0.88 0.90 0.84 0.92 0.95 0.85 0.94 0.86
ZnO 0.04 0.01 0.01 0.15 0.05 0.19 0.05 0.09
MgO 11.26 13.24 13.61 13.39 13.45 13.24 13.41 13.49
CaO 0.37 0.61 0.58 0.57 0.64 0.61 0.69 0.67
Total 102.02 101.40 100.95 101.78 101.41 101.14 101.62 101.03
Number of atoms in formulae (oxygen basis 24)
Si 7.84 7.89 7.87 7.87 7.89 7.88 7.88 7.86
Ti 0.01 0.01 0.00 0.00 0.01 0.00 0.01 0.00
TAl 0.10 0.09 0.10 0.09 0.10 0.11 0.10 0.10
M1Al --- --- --- --- --- --- --- ---
Fe3+ 0.06 0.02 0.04 0.04 0.01 0.01 0.03 0.04
Fe2+ 5.23 4.71 4.66 4.71 4.66 4.71 4.67 4.66
Mn 0.12 0.12 0.11 0.12 0.13 0.11 0.13 0.11
Zn 0.00 0.00 0.00 0.02 0.01 0.02 0.01 0.01
Mg 2.67 3.11 3.20 3.14 3.15 3.11 3.14 3.18
Ca 0.06 0.10 0.10 0.10 0.11 0.10 0.12 0.11
Total 16.10 16.05 16.08 16.09 16.05 16.06 16.07 16.08
End-member calculations
Wo 0.80 1.31 1.23 1.22 1.36 1.30 1.47 1.43
En 33.56 39.21 40.23 39.48 39.80 39.30 39.60 39.93
Fs 65.64 59.49 58.54 59.30 58.84 59.39 58.93 58.64
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1Notes: Major elements in wt %; TA1 Alumina in the tetrahedral site, M1Al Alumina in the octahedral site
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TABLE F.  Electron Microprobe Compositions of Biotite from Foster River1
FRSL 10155_4 FRSL 10155_4 FRSL 10155_4 FRSL 10187_1 FRSL 10187_1 FRSL 10187_1 FRSL 10188_3 FRSL 10188_3
Sillimanite gneiss Sillimanite gneiss Sillimanite gneiss Sillimanite gneiss Sillimanite gneiss Sillimanite gneiss Sulfidic quartzite Sulfidic quartzite
Fable Lake Fable Lake Fable Lake Sito East Sito East Sito East Sito East Sito East
Biotite Biotite Biotite Biotite Biotite Biotite Biotite Biotite
SiO2 34.89 34.71 34.59 33.29 33.43 33.93 35.32 35.79
TiO2 2.02 2.08 1.94 3.55 3.33 3.45 2.16 2.23
Al2O3 20.35 20.08 20.28 19.17 19.32 19.17 19.09 19.45
V2O3
2
FeO 18.43 19.10 18.75 20.50 20.43 20.40 17.38 17.42
MnO 0.02 0.04 0.00 0.19 0.14 0.17 0.35 0.33
ZnO 0.07 --- --- 0.05 0.08 --- 0.10 0.22
MgO 9.93 9.59 9.64 7.76 7.81 7.74 11.32 11.54
CaO 0.02 0.01 0.01 0.02 --- 0.02 --- 0.04
K2O 8.44 8.33 8.44 8.65 8.51 8.37 8.42 8.25
F 0.40 0.27 0.17 0.18 0.07 0.15 0.29 0.19
Cl 0.03 0.02 0.02 0.02 0.03 0.03 0.03 0.07
Total 94.60 94.21 93.84 93.38 93.13 93.43 94.45 95.52
Number of atoms in formulae (oxygen basis 24)
Si 5.80 5.80 5.79 5.70 5.72 5.77 5.86 5.85
Ti 0.25 0.26 0.24 0.46 0.43 0.44 0.27 0.27
Al 3.98 3.95 4.00 3.87 3.89 3.84 3.73 3.75
V2
Fe 2.56 2.67 2.62 2.93 2.92 2.90 2.41 2.38
Mn 0.00 0.01 0.00 0.03 0.02 0.02 0.05 0.05
Zn 0.01 --- --- 0.01 0.01 --- 0.01 0.03
Mg 2.46 2.39 2.41 1.98 1.99 1.96 2.80 2.81
Ca 0.00 0.00 0.00 0.00 --- 0.00 --- 0.01
K 1.79 1.78 1.80 1.89 1.86 1.82 1.78 1.72
F 0.21 0.14 0.09 0.10 0.03 0.08 0.15 0.10
Cl 0.01 0.00 0.01 0.01 0.01 0.01 0.01 0.02
Total 17.07 17.00 16.96 16.96 16.88 16.86 17.06 16.98
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       TABLE F.  (Cont.)
FRSL 10188_3 JSSW 001_4 JSSW 001_4 JSSN 004_3 JSSN 004_3 JSSN 004_2 JSSN 004_2 JSSW 018_4
Sulfidic quartzite Quartz garnetite Quartz garnetite Iron formation3 Iron formation Iron formation Iron formation Quartz garnetite
Sito East Sito West Sito West Sito North Sito North Sito North Sito North Sito West
Biotite Biotite Biotite Biotite Biotite Biotite Biotite Biotite
SiO2 35.03 34.76 35.55 35.70 36.18 36.13 36.13 37.10
TiO2 2.49 2.76 2.85 2.43 2.59 3.34 3.14 2.38
Al2O3 19.00 18.89 19.22 16.77 16.74 16.37 16.49 21.96
V2O3
2
FeO 17.63 16.84 17.27 16.80 16.67 16.43 16.20 16.33
MnO 0.31 0.04 0.03 --- 0.02 --- 0.01 0.09
ZnO 0.35 0.06 --- --- 0.05 --- 0.00 0.08
MgO 10.99 11.45 11.57 14.51 14.04 14.30 14.27 9.47
CaO 0.03 --- --- 0.06 0.01 0.03 --- 0.04
K2O 8.45 8.65 8.54 7.66 8.05 7.79 7.92 6.56
F 0.31 0.25 0.28 0.55 0.35 0.40 0.51 0.25
Cl 0.02 0.16 0.15 0.01 0.00 0.03 0.01 0.04
Total 94.62 93.86 95.46 94.49 94.68 94.81 94.67 94.29
Number of atoms in formulae (oxygen basis 24)
Si 5.82 5.80 5.83 5.90 5.95 5.93 5.94 5.99
Ti 0.31 0.35 0.35 0.30 0.32 0.41 0.39 0.29
Al 3.72 3.72 3.71 3.26 3.25 3.17 3.19 4.18
V2
Fe 2.45 2.35 2.37 2.32 2.29 2.25 2.23 2.20
Mn 0.04 0.01 0.00 --- 0.00 --- 0.00 0.01
Zn 0.04 0.01 --- --- 0.01 --- 0.00 0.01
Mg 2.72 2.85 2.83 3.57 3.44 3.50 3.50 2.28
Ca 0.01 --- --- 0.01 0.00 0.01 --- 0.01
K 1.79 1.84 1.79 1.61 1.69 1.63 1.66 1.35
F 0.16 0.13 0.15 0.28 0.18 0.20 0.26 0.12
Cl 0.01 0.04 0.04 0.00 0.00 0.01 0.00 0.01
Total 17.07 17.09 17.06 17.26 17.13 17.11 17.17 16.45
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       TABLE F.  (Cont.)
JSSW 018_4 JSSW 018_1 JSSW 018_1 JSSW 018_1 JSSW 022_3 JSSW 022_3 JSSW 022_3 JSSW 022_5
Quartz garnetite Quartz garnetite Quartz garnetite Quartz garnetite Sillimanite gneiss Sillimanite gneiss Sillimanite gneiss Sillimanite gneiss
Sito West Sito West Sito West Sito West Sito West Sito West Sito West Sito West
Biotite Biotite Biotite Biotite Biotite Biotite Biotite Biotite
SiO2 36.26 35.70 35.91 35.94 34.81 35.01 35.22 35.02
TiO2 2.83 2.86 2.97 2.86 4.73 4.67 4.59 3.93
Al2O3 19.65 19.82 19.88 19.89 19.78 19.70 19.47 20.03
V2O3
2
FeO 17.17 17.32 17.24 17.20 19.51 18.80 18.64 18.51
MnO 0.05 0.04 0.03 0.00 0.19 0.22 0.18 0.21
ZnO 0.10 0.11 0.28 0.10 0.18 0.07 0.20 0.32
MgO 11.69 11.28 11.15 11.28 8.30 8.34 8.58 8.92
CaO --- --- --- --- --- --- 0.00 0.01
K2O 8.70 9.00 9.01 8.98 8.85 8.89 8.87 8.73
F 0.35 0.33 0.34 0.43 0.12 0.10 0.13 0.12
Cl 0.05 0.04 0.04 0.03 0.08 0.07 0.07 0.05
Total 96.86 96.50 96.85 96.72 96.54 95.87 95.93 95.83
Number of atoms in formulae (oxygen basis 24)
Si 5.84 5.79 5.81 5.81 5.71 5.76 5.79 5.75
Ti 0.34 0.35 0.36 0.35 0.58 0.58 0.57 0.49
Al 3.73 3.79 3.79 3.79 3.82 3.82 3.77 3.88
V2
Fe 2.31 2.35 2.33 2.33 2.68 2.59 2.56 2.54
Mn 0.01 0.01 0.00 0.00 0.03 0.03 0.02 0.03
Zn 0.01 0.01 0.03 0.01 0.02 0.01 0.02 0.04
Mg 2.81 2.73 2.69 2.72 2.03 2.05 2.10 2.18
Ca --- --- --- --- --- --- 0.00 0.00
K 1.79 1.86 1.86 1.85 1.85 1.87 1.86 1.83
F 0.18 0.17 0.17 0.22 0.06 0.05 0.07 0.06
Cl 0.01 0.01 0.01 0.01 0.02 0.02 0.02 0.01
Total 17.04 17.08 17.05 17.09 16.80 16.76 16.78 16.81
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       TABLE F.  (Cont.)
JSSW 022_5 JSSW 022_5 JSRL 002_6 JSRL 002_6 JSRL 005_5 JSRL 005_5 FRFL 55_Y FRFL 55_Y
Sillimanite gneiss Sillimanite gneiss Iron formation Iron formation Quartz garnetite Quartz garnetite Sulfidic quartzite Sulfidic quartzite
Sito West Sito West Robyn Lake Robyn Lake Robyn Lake Robyn Lake Fable Lake Fable Lake
Biotite Biotite Biotite Biotite Biotite Biotite Phlogopite Phlogopite
SiO2 34.85 34.83 35.60 35.75 35.09 35.18 36.19 36.14
TiO2 4.03 4.02 2.24 2.23 2.19 2.26 2.95 2.60
Al2O3 19.76 19.78 16.63 16.30 20.08 20.18 18.13 17.98
V2O3
2
FeO 18.76 18.97 21.25 20.81 18.08 18.24 12.06 12.13
MnO 0.17 0.17 -0.00 0.02 0.07 0.08 0.28 0.23
ZnO 0.06 --- --- 0.12 0.03 0.08 0.00 0.00
MgO 8.90 8.98 11.76 11.42 10.31 10.54 14.22 14.37
CaO --- --- --- 0.09 --- --- 0.00 0.00
K2O 9.00 8.91 8.57 7.61 8.59 8.85 9.77 9.48
F 0.19 0.12 0.28 0.28 0.34 0.21 0.00 0.00
Cl 0.03 0.04 0.05 0.06 0.06 0.05 0.00 0.02
Total 95.75 95.83 96.38 94.69 94.82 95.68 93.60 92.94
Number of atoms in formulae (oxygen basis 24) (oxygen basis 12)
Si 5.75 5.74 5.90 5.99 5.81 5.78 2.96 2.97
Ti 0.50 0.50 0.28 0.28 0.27 0.28 0.18 0.16
Al 3.84 3.84 3.25 3.22 3.92 3.91 1.75 1.74
V2
Fe 2.59 2.61 2.95 2.92 2.50 2.50 0.83 0.83
Mn 0.02 0.02 -0.00 0.00 0.01 0.01 0.02 0.02
Zn 0.01 -0.00 --- 0.02 0.00 0.01 0.00 0.00
Mg 2.19 2.20 2.91 2.85 2.54 2.58 1.73 1.76
Ca --- --- --- 0.02 --- --- 0.00 0.00
K 1.89 1.87 1.81 1.63 1.81 1.85 1.02 0.99
F 0.10 0.06 0.15 0.15 0.18 0.11 0.00 0.00
Cl 0.01 0.01 0.01 0.02 0.02 0.01 0.00 0.00
Total 16.89 16.86 17.26 17.09 17.06 17.04 8.49 8.48
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       TABLE F.  (Cont.)
FRFL 55_Y JSRL 006A_1 JSRL 006A_1 FRSL 10403_1 FRSL 10403_1 FRSL 10403_3 FRSL 10403_3 FRSL 10403_3
Sulfidic quartzite Sulfidic quartzite Sulfidic quartzite Sulfidic quartzite Sulfidic quartzite Sulfidic quartzite Sulfidic quartzite Sulfidic quartzite
Fable Lake Robyn Lake Robyn Lake Unn_George4 Unn_George Unn_George Unn_George Unn_George
Phlogopite Biotite Biotite Biotite Biotite Biotite Biotite Biotite
SiO2 35.97 35.70 35.03 36.32 35.93 35.73 35.42 36.16
TiO2 2.86 0.76 0.63 0.66 0.70 1.93 2.12 1.72
Al2O3 18.37 21.44 20.55 21.45 21.33 20.94 20.38 20.93
V2O3 --- --- --- 0.22 --- --- 0.11
FeO 12.10 20.18 20.81 16.31 16.08 16.93 16.94 16.06
MnO 0.15 0.04 0.23 0.09 0.06 0.04 0.08 0.10
ZnO 0.00 0.19 0.15 0.07 0.10 0.04 --- ---
MgO 14.40 7.53 8.95 10.84 10.76 10.85 11.01 10.65
CaO 0.00 0.04 0.01 0.09 0.08 0.10 0.04 0.11
K2O 9.56 9.63 9.92 9.41 9.09 9.11 9.36 8.37
F 0.00 --- --- 0.02 --- 0.01 0.01 ---
Cl 0.00 0.11 0.07 0.01 0.00 0.03 0.02 0.02
Total 93.42 95.63 96.35 95.26 94.36 95.71 95.36 94.23
Number of atoms in formulae (oxygen basis 24)
Si 2.94 5.91 5.81 5.91 5.89 5.81 5.79 5.91
Ti 0.18 0.09 0.08 0.08 0.09 0.24 0.26 0.21
Al 1.77 4.18 4.02 4.11 4.12 4.01 3.93 4.03
V --- --- --- 0.03 --- --- 0.01
Fe 0.83 2.79 2.89 2.22 2.20 2.30 2.32 2.20
Mn 0.01 0.01 0.03 0.01 0.01 0.01 0.01 0.01
Zn 0.00 0.02 0.02 0.01 0.01 0.01 --- ---
Mg 1.76 1.86 2.21 2.63 2.63 2.63 2.68 2.59
Ca 0.00 0.01 0.00 0.02 0.01 0.02 0.01 0.02
K 1.00 2.03 2.10 1.95 1.90 1.89 1.95 1.75
F 0.00 --- --- 0.01 --- 0.00 0.01 ---
Cl 0.00 0.03 0.02 0.00 0.00 0.01 0.00 0.00
Total 8.49 16.94 17.19 16.96 16.90 16.91 16.96 16.74
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       TABLE F.  (Cont.)
FRSL 10207_2 FRSL 10207_2 FRSL 10207_2 FRSL 10207_2 FRSL 10207_2 FRSL 10207_2 FRSL 10207_2 FRSL 10207_2
Crd-sil gneiss Crd-sil gneiss Crd-sil gneiss Crd-sil gneiss Crd-sil gneiss Crd-sil gneiss Crd-sil gneiss Crd-sil gneiss
Sito Lake I. Sito Lake I. Sito Lake I. Sito Lake I. Sito Lake I. Sito Lake I. Sito Lake I. Sito Lake I.
Biotite Biotite Biotite Biotite Biotite Biotite Biotite Biotite
SiO2 34.51 34.94 34.58 34.37 34.57 34.76 35.02 34.65
TiO2 3.10 3.18 3.15 3.48 3.47 3.65 3.67 3.58
Al2O3 18.97 19.05 19.32 18.70 18.94 18.98 18.82 18.62
V2O3 0.01 --- --- 0.09 --- 0.29 --- 0.06
FeO 20.16 19.93 20.78 20.17 20.21 20.40 20.18 20.34
MnO 0.02 0.01 0.00 --- 0.01 --- --- 0.03
ZnO 0.02 0.04 0.04 0.10 0.07 --- 0.07 0.07
MgO 8.90 9.14 8.88 8.89 8.93 9.08 8.95 8.72
CaO --- 0.02 0.08 0.05 0.02 --- 0.05 0.04
K2O 9.39 9.56 8.70 9.49 9.51 9.32 9.34 9.32
F --- 0.02 --- --- 0.04 --- 0.00 ---
Cl --- 0.00 0.01 0.02 0.02 0.01 0.01 0.02
Total 95.08 95.88 95.53 95.37 95.79 96.48 96.10 95.44
Number of atoms in formulae (oxygen basis 24)
Si 5.78 5.79 5.76 5.75 5.75 5.74 5.80 5.78
Ti 0.39 0.40 0.39 0.44 0.43 0.45 0.46 0.45
Al 3.74 3.72 3.79 3.69 3.71 3.69 3.68 3.66
V 0.00 --- --- 0.01 --- 0.04 --- 0.01
Fe 2.82 2.76 2.89 2.82 2.81 2.82 2.80 2.84
Mn 0.00 0.00 0.00 --- 0.00 --- --- 0.00
Zn 0.00 0.00 0.00 0.01 0.01 --- 0.01 0.01
Mg 2.22 2.26 2.20 2.22 2.21 2.24 2.21 2.17
Ca --- 0.00 0.01 0.01 0.00 -0.00 0.01 0.01
K 2.01 2.02 1.85 2.03 2.02 1.96 1.97 1.98
F --- 0.01 --- --- 0.02 --- 0.00 ---
Cl --- 0.00 0.00 0.01 0.01 0.00 0.00 0.00
Total 16.97 16.98 16.90 16.98 16.98 16.93 16.93 16.92
242
       TABLE F.  (Cont.)
FRSL 10207_2 FRSL 10247B_1 FRSL 10247B_1 FRSL 10247B_1 FRSL 10247B_1 FRSL 10247B_1 FRSL 10247B_2 FRSL 10247B_2
Crd-sil gneiss Sillimanite gneiss Sillimanite gneiss Sillimanite gneiss Sillimanite gneiss Sillimanite gneiss Sillimanite gneiss Sillimanite gneiss
Sito Lake I. Sito East Sito East Sito East Sito East Sito East Sito East Sito East
Biotite Biotite Biotite Biotite Biotite Biotite Biotite Biotite
SiO2 34.05 34.45 34.78 33.54 34.59 34.84 35.27 35.43
TiO2 3.62 2.46 2.35 2.41 2.46 2.47 2.74 3.06
Al2O3 18.70 19.29 19.73 18.64 19.57 19.51 20.04 20.10
V2O3 0.22 0.09 0.31 --- 0.14 0.06 0.13 ---
FeO 20.43 18.40 17.83 18.98 18.31 18.60 16.71 16.76
MnO 0.00 0.42 0.36 0.38 0.41 0.35 0.51 0.47
ZnO --- 0.09 0.08 0.07 0.20 0.13 0.04 0.14
MgO 8.39 9.21 9.42 9.96 9.55 9.61 10.14 9.98
CaO 0.00 0.03 0.02 0.08 --- 0.01 0.02 0.03
K2O 9.46 9.36 9.85 9.51 9.89 9.77 9.38 9.36
F --- 0.00 --- 0.03 --- 0.01 0.01 ---
Cl 0.01 0.09 0.06 0.09 0.05 0.05 0.10 0.10
Total 94.88 93.89 94.79 93.69 95.15 95.41 95.10 95.44
Number of atoms in formulae (oxygen basis 24)
Si 5.73 5.80 5.79 5.71 5.76 5.78 5.80 5.81
Ti 0.46 0.31 0.29 0.31 0.31 0.31 0.34 0.38
Al 3.71 3.83 3.87 3.74 3.84 3.82 3.88 3.88
V 0.03 0.01 0.04 --- 0.02 0.01 0.02 ---
Fe 2.88 2.59 2.48 2.70 2.55 2.58 2.30 2.30
Mn 0.00 0.06 0.05 0.06 0.06 0.05 0.07 0.07
Zn --- 0.01 0.01 0.01 0.02 0.02 0.01 0.02
Mg 2.11 2.31 2.34 2.53 2.37 2.38 2.48 2.44
Ca 0.00 0.01 0.00 0.01 --- 0.00 0.00 0.00
K 2.03 2.01 2.09 2.07 2.10 2.07 1.97 1.96
F --- 0.00 --- 0.02 --- 0.01 0.00 ---
Cl 0.00 0.02 0.02 0.03 0.01 0.01 0.03 0.03
Total 16.95 16.97 17.00 17.18 17.05 17.03 16.90 16.88
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       TABLE F.  (Cont.)
FRSL 10247B_2 FRSL 10247B_2 FRSL 10247B_5 FRSL 10247B_5 FRSL 10247B_5 FRSL 10247B_5 FRSL 10247B_5 FRSL 10247B_5
Sillimanite gneiss Sillimanite gneiss Sillimanite gneiss Sillimanite gneiss Sillimanite gneiss Sillimanite gneiss Sillimanite gneiss Sillimanite gneiss
Sito East Sito East Sito East Sito East Sito East Sito East Sito East Sito East
Biotite Biotite Biotite Biotite Biotite Biotite Biotite Biotite
SiO2 34.51 35.23 35.26 34.65 34.99 34.52 34.94 34.78
TiO2 3.38 2.80 2.19 2.04 2.17 2.29 2.28 2.24
Al2O3 19.23 19.56 20.48 19.81 19.95 19.85 19.75 19.79
V2O3 0.07 --- --- 0.28 0.12 --- 0.14 ---
FeO 17.89 17.32 17.58 17.95 18.10 18.43 18.47 18.71
MnO 0.52 0.44 0.39 0.28 0.33 0.36 0.28 0.26
ZnO 0.13 0.13 0.04 0.07 0.11 0.19 0.09 0.18
MgO 9.82 9.87 9.93 9.95 10.09 9.83 10.07 9.98
CaO 0.02 0.04 0.03 --- 0.03 --- 0.00 ---
K2O 9.32 8.80 9.61 9.44 9.62 9.59 9.47 9.61
F 0.01 --- --- --- 0.02 0.00 0.01 ---
Cl 0.08 0.08 0.09 0.09 0.07 0.07 0.12 0.07
Total 94.98 94.27 95.60 94.57 95.60 95.13 95.62 95.63
Number of atoms in formulae (oxygen basis 24)
Si 5.73 5.85 5.79 5.77 5.77 5.75 5.77 5.76
Ti 0.42 0.35 0.27 0.26 0.27 0.29 0.28 0.28
Al 3.76 3.82 3.96 3.89 3.88 3.90 3.84 3.87
V 0.01 --- --- 0.04 0.02 --- 0.02 ---
Fe 2.49 2.40 2.41 2.50 2.50 2.57 2.55 2.59
Mn 0.07 0.06 0.05 0.04 0.05 0.05 0.04 0.04
Zn 0.02 0.02 0.00 0.01 0.01 0.02 0.01 0.02
Mg 2.43 2.44 2.43 2.47 2.48 2.44 2.48 2.47
Ca 0.00 0.01 0.00 --- 0.00 --- 0.00 ---
K 1.97 1.86 2.01 2.01 2.02 2.04 1.99 2.03
F 0.01 --- --- --- 0.01 0.00 0.01 ---
Cl 0.02 0.02 0.03 0.03 0.02 0.02 0.03 0.02
Total 16.94 16.84 16.97 17.01 17.03 17.08 17.02 17.08
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       TABLE F.  (Cont.)
FRSL 10247B_5 FRSL 10240A_1 FRSL 10240A_1 FRSL 10240A_1 FRSL 10240A_2 FRSL 10240A_2 FRSL 10235B_1 FRSL 10235B_1
Sillimanite gneiss Nod. sill. gneiss Nod. sill. gneiss Nod. sill. gneiss Nod. sill. gneiss Nod. sill. gneiss Sillimanite gneiss Sillimanite gneiss
Sito East Sito East Sito East Sito East Sito East Sito East Sito West Sito West
Biotite Biotite Biotite Biotite Biotite Biotite Biotite Biotite
SiO2 34.88 34.86 34.70 34.72 34.48 34.64 35.43 35.22
TiO2 2.20 3.27 3.45 3.39 2.54 2.67 3.42 3.51
Al2O3 19.78 19.59 19.72 19.59 19.19 19.28 19.04 19.09
V2O3 --- --- --- --- --- 0.02 0.05 0.29
FeO 18.21 19.84 19.81 20.07 19.32 19.52 18.47 18.54
MnO 0.30 0.08 0.11 0.11 0.10 0.02 0.14 0.10
ZnO 0.13 0.01 0.08 0.24 0.18 0.19 0.20 0.19
MgO 9.84 9.07 9.32 9.14 10.20 10.15 10.09 9.91
CaO 0.06 --- --- --- --- 0.00 --- ---
K2O 9.82 10.38 10.42 10.32 9.95 10.09 9.66 10.07
F 0.00 --- 0.00 0.01 0.01 --- --- ---
Cl 0.09 0.07 0.05 0.10 0.08 0.05 0.03 0.04
Total 95.32 97.16 97.66 97.68 96.06 96.63 96.53 96.95
Number of atoms in formulae (oxygen basis 24)
Si 5.78 5.74 5.68 5.70 5.72 5.71 5.80 5.76
Ti 0.27 0.40 0.42 0.42 0.32 0.33 0.42 0.43
Al 3.87 3.80 3.80 3.79 3.75 3.75 3.67 3.68
V --- --- --- --- --- 0.00 0.01 0.04
Fe 2.53 2.73 2.71 2.75 2.68 2.69 2.53 2.54
Mn 0.04 0.01 0.02 0.01 0.01 0.00 0.02 0.01
Zn 0.02 0.00 0.01 0.03 0.02 0.02 0.02 0.02
Mg 2.43 2.22 2.27 2.24 2.52 2.49 2.46 2.42
Ca 0.01 --- --- --- --- 0.00 --- -0.00
K 2.08 2.18 2.17 2.16 2.10 2.12 2.02 2.10
F 0.00 --- 0.00 0.00 0.01 --- --- ---
Cl 0.03 0.02 0.01 0.03 0.02 0.01 0.01 0.01
Total 17.06 17.10 17.10 17.13 17.15 17.14 16.95 17.00
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       TABLE F.  (Cont.)
FRSL 10235B_1 FRSL 10235B_2 FRSL 10235B_2 FRSL 10235B_2 FRSL 10210_1 FRSL 10210_1 FRSL 10210_1 FRSL 10235A_1
Sillimanite gneiss Sillimanite gneiss Sillimanite gneiss Sillimanite gneiss Nod. sill. gneiss Nod. sill. gneiss Nod. sill. gneiss Sillimanite gneiss
Sito West Sito West Sito West Sito West Sito East Sito East Sito East Sito West
Biotite Biotite Biotite Biotite Biotite Biotite Biotite Biotite
SiO2 34.85 34.77 32.53 34.45 35.21 34.73 38.84 35.19
TiO2 3.49 3.73 1.83 3.65 2.34 2.68 2.26 3.52
Al2O3 18.94 19.13 23.15 19.33 21.23 21.46 22.50 19.33
V2O3 0.18 --- --- 0.23 0.39 --- 0.20 0.10
FeO 18.67 18.73 19.51 18.90 20.33 20.11 15.99 17.49
MnO 0.10 0.08 0.02 0.10 0.05 0.01 0.06 0.11
ZnO --- 0.08 0.02 0.19 0.04 0.05 0.12 0.06
MgO 9.73 9.36 5.84 9.61 8.29 7.46 5.65 10.61
CaO --- 0.02 0.06 0.01 0.00 --- 0.05 0.05
K2O 10.01 10.00 4.44 9.95 9.81 10.02 8.07 9.65
F 0.00 --- 0.00 --- 0.02 0.01 0.00 ---
Cl 0.02 0.04 0.10 0.04 0.04 --- 0.00 0.06
Total 95.98 95.94 87.50 96.46 97.75 96.53 93.74 96.17
Number of atoms in formulae (oxygen basis 24)
Si 5.76 5.75 5.71 5.68 5.72 5.72 6.29 5.75
Ti 0.43 0.46 0.24 0.45 0.29 0.33 0.28 0.43
Al 3.69 3.73 4.79 3.75 4.06 4.17 4.29 3.72
V 0.02 --- --- 0.03 0.05 --- 0.03 0.01
Fe 2.58 2.59 2.86 2.61 2.76 2.77 2.17 2.39
Mn 0.01 0.01 0.00 0.01 0.01 0.00 0.01 0.01
Zn --- 0.01 0.00 0.02 0.01 0.01 0.01 0.01
Mg 2.40 2.31 1.53 2.36 2.01 1.83 1.36 2.59
Ca --- 0.00 0.01 0.00 0.00 --- 0.01 0.01
K 2.11 2.11 0.99 2.09 2.03 2.11 1.67 2.01
F 0.00 --- 0.00 --- 0.01 0.00 0.00 ---
Cl 0.00 0.01 0.03 0.01 0.01 --- 0.00 0.02
Total 17.01 16.99 16.17 17.03 16.95 16.94 16.11 16.96
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       TABLE F.  (Cont.)
FRSL 10235A_1 FRSL 10235A_1 FRSL 10235A_2 FRSL 10235A_2 FRSL 10235A_2 FRSL 10405A_3 FRSL 10405A_3 FRSL 10405A_3
Sillimanite gneiss Sillimanite gneiss Sillimanite gneiss Sillimanite gneiss Sillimanite gneiss Sulfidic quartzite Sulfidic quartzite Sulfidic quartzite
Sito West Sito West Sito West Sito West Sito West Unn_George4 Unn_George Unn_George
Biotite Biotite Biotite Biotite Biotite Biotite Phlogopite Phlogopite
SiO2 35.05 35.20 34.54 34.70 34.50 35.87 35.98 35.65
TiO2 3.53 3.48 2.64 2.72 2.75 1.68 1.63 1.68
Al2O3 19.37 19.34 19.35 19.26 19.38 19.58 19.75 19.60
V2O3 0.18 --- 0.01 0.00 0.04 --- --- 0.19
FeO 17.86 17.51 17.74 17.12 17.27 15.19 14.32 14.26
MnO 0.10 0.05 0.06 0.04 0.03 0.14 0.22 0.12
ZnO 0.23 0.10 0.20 0.11 0.21 --- 0.08 0.13
MgO 10.73 10.51 11.48 11.54 11.35 13.55 13.88 14.04
CaO 0.06 0.06 --- --- 0.03 0.01 0.02 ---
K2O 9.94 9.96 10.03 9.58 10.11 9.35 9.34 9.53
F --- --- --- --- 0.00 0.01 0.01 0.03
Cl 0.07 0.04 0.07 0.05 0.03 0.05 0.07 0.05
Total 97.11 96.25 96.10 95.12 95.72 95.42 95.30 95.27
Number of atoms in formulae (oxygen basis 24)
Si 5.70 5.76 5.68 5.73 5.69 5.82 5.83 5.78
Ti 0.43 0.43 0.33 0.34 0.34 0.21 0.20 0.21
Al 3.71 3.73 3.75 3.75 3.77 3.75 3.77 3.75
V 0.02 --- 0.00 0.00 0.01 --- --- 0.02
Fe 2.43 2.40 2.44 2.36 2.38 2.06 1.94 1.93
Mn 0.01 0.01 0.01 0.01 0.00 0.02 0.03 0.02
Zn 0.03 0.01 0.02 0.01 0.03 -0.00 0.01 0.02
Mg 2.60 2.56 2.82 2.84 2.79 3.28 3.35 3.39
Ca 0.01 0.01 --- --- 0.01 0.00 0.00 ---
K 2.06 2.08 2.11 2.02 2.13 1.94 1.93 1.97
F --- --- --- --- 0.00 0.01 0.00 0.02
Cl 0.02 0.01 0.02 0.01 0.01 0.01 0.02 0.01
Total 17.03 17.00 17.17 17.07 17.15 17.09 17.09 17.12
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       TABLE F.  (Cont.)
FRSL 10405A_3 FRSL 10244A_2 FRSL 10244A_2 FRSL 10244A_2 FRSL 10244A_2 FRSL 10244A_2 FRSL 10244A_3 FRSL 10244A_3
Sulfidic quartzite Sillimanite gneiss Sillimanite gneiss Sillimanite gneiss Sillimanite gneiss Sillimanite gneiss Sillimanite gneiss Sillimanite gneiss
Unn_George4 Sito East Sito East Sito East Sito East Sito East Sito East Sito East
Phlogopite Biotite Biotite Biotite Biotite Biotite Biotite Biotite
SiO2 35.49 33.92 34.23 33.72 34.26 35.25 34.60 34.20
TiO2 1.73 1.75 1.73 1.66 1.79 1.70 1.40 1.39
Al2O3 19.65 19.35 19.83 20.15 20.52 20.65 19.84 19.99
V2O3 --- --- 0.40 --- --- --- --- ---
FeO 14.64 20.12 19.24 18.97 18.31 17.62 18.75 19.11
MnO 0.17 0.37 0.33 0.33 0.33 0.29 0.26 0.28
ZnO --- 0.07 0.18 0.10 0.06 0.03 0.23 0.07
MgO 13.62 10.05 10.19 10.21 10.25 9.96 10.43 10.38
CaO 0.02 0.01 0.02 --- 0.02 0.09 0.03 ---
K2O 9.27 9.92 10.20 10.32 10.07 9.77 9.84 10.06
F 0.02 0.02 0.05 --- --- --- --- 0.00
Cl 0.08 0.13 0.14 0.16 0.10 0.12 0.14 0.16
Total 94.68 95.71 96.53 95.63 95.72 95.49 95.52 95.66
Number of atoms in formulae (oxygen basis 24)
Si 5.81 5.68 5.66 5.64 5.67 5.81 5.75 5.69
Ti 0.21 0.22 0.21 0.21 0.22 0.21 0.17 0.17
Al 3.79 3.82 3.86 3.97 4.00 4.01 3.89 3.92
V --- --- 0.05 --- --- --- --- ---
Fe 2.00 2.82 2.66 2.65 2.53 2.43 2.60 2.66
Mn 0.02 0.05 0.05 0.05 0.05 0.04 0.04 0.04
Zn --- 0.01 0.02 0.01 0.01 0.00 0.03 0.01
Mg 3.32 2.51 2.51 2.54 2.53 2.45 2.58 2.58
Ca 0.00 0.00 0.00 --- 0.00 0.02 0.01 ---
K 1.94 2.12 2.15 2.20 2.13 2.05 2.09 2.14
F 0.01 0.01 0.03 --- --- --- --- 0.00
Cl 0.02 0.04 0.04 0.05 0.03 0.03 0.04 0.04
Total 17.13 17.28 17.25 17.33 17.17 17.05 17.19 17.26
248
       TABLE F.  (Cont.)
FRSL 10244A_3 FRSL 10244A_3 FRSL 10244A_3 FRSL 10244A_4 FRSL 10244A_4 FRSL 10244A_4 FRSL 10244A_4 FRSL 10244A_4
Sillimanite gneiss Sillimanite gneiss Sillimanite gneiss Sillimanite gneiss Sillimanite gneiss Sillimanite gneiss Sillimanite gneiss Sillimanite gneiss
Sito East Sito East Sito East Sito East Sito East Sito East Sito East Sito East
Biotite Biotite Biotite Biotite Biotite Biotite Biotite Biotite
SiO2 34.16 33.40 33.74 34.81 34.46 34.60 34.64 34.53
TiO2 1.39 1.33 1.43 1.48 1.44 1.56 1.50 1.45
Al2O3 19.88 19.87 19.74 20.15 20.28 20.29 20.57 20.11
V2O3 --- 0.22 --- 0.30 --- --- --- ---
FeO 19.11 19.36 19.24 18.36 18.43 18.48 18.73 18.82
MnO 0.33 0.32 0.31 0.34 0.29 0.41 0.37 0.35
ZnO 0.13 0.13 0.00 0.12 0.03 0.12 0.08 0.13
MgO 10.49 10.36 10.36 10.41 10.15 10.02 10.32 10.49
CaO 0.01 --- 0.03 0.02 --- --- --- 0.02
K2O 9.79 9.88 9.95 9.88 10.09 10.31 10.07 10.11
F --- 0.00 --- --- 0.01 0.01 --- 0.01
Cl 0.15 0.14 0.17 0.13 0.14 0.13 0.11 0.16
Total 95.43 95.00 94.97 96.01 95.32 95.92 96.38 96.19
Number of atoms in formulae (oxygen basis 24)
Si 5.70 5.62 5.67 5.74 5.74 5.74 5.71 5.71
Ti 0.17 0.17 0.18 0.18 0.18 0.19 0.19 0.18
Al 3.91 3.94 3.91 3.92 3.98 3.96 4.00 3.92
V --- 0.03 --- 0.04 --- --- --- ---
Fe 2.67 2.72 2.70 2.53 2.57 2.56 2.58 2.60
Mn 0.05 0.05 0.04 0.05 0.04 0.06 0.05 0.05
Zn 0.02 0.02 0.00 0.01 0.00 0.01 0.01 0.02
Mg 2.61 2.60 2.59 2.56 2.52 2.48 2.54 2.59
Ca 0.00 --- 0.01 0.00 --- --- --- 0.00
K 2.08 2.12 2.13 2.08 2.14 2.18 2.12 2.13
F --- 0.00 --- --- 0.00 0.01 --- 0.00
Cl 0.04 0.04 0.05 0.04 0.04 0.04 0.03 0.04
Total 17.25 17.29 17.28 17.15 17.22 17.22 17.21 17.26
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       TABLE F.  (Cont.)
FRSL 10250B_1 FRSL 10250B_1 FRSL 10250B_1 FRSL 10250B_1 FRSL 10250B_1
Iron formation Iron formation Iron formation Iron formation Iron formation
Sito SW Sito SW Sito SW Sito SW Sito SW
Biotite Biotite Biotite Biotite Biotite
SiO2 36.54 36.31 36.00 36.50 35.83
TiO2 3.13 3.30 3.50 3.51 3.51
Al2O3 15.84 15.94 15.76 15.88 15.87
V2O3 0.29 0.35 0.17 0.11 0.14
FeO 16.55 16.73 16.84 16.85 16.30
MnO 0.08 0.09 0.13 0.11 0.12
ZnO 0.07 0.06 --- 0.04 0.03
MgO 14.04 13.91 13.61 13.88 13.98
CaO 0.09 0.08 0.09 0.05 0.05
K2O 9.91 9.67 9.77 9.63 9.64
F --- 0.00 0.03 --- ---
Cl 0.01 0.01 0.01 0.03 0.03
Total 96.54 96.45 95.90 96.59 95.49
Number of atoms in formulae (oxygen basis 24)
Si 5.95 5.92 5.91 5.93 5.89
Ti 0.38 0.40 0.43 0.43 0.43
Al 3.04 3.06 3.05 3.04 3.07
V 0.04 0.05 0.02 0.01 0.02
Fe 2.25 2.28 2.31 2.29 2.24
Mn 0.01 0.01 0.02 0.01 0.02
Zn 0.01 0.01 --- 0.00 0.00
Mg 3.41 3.38 3.33 3.36 3.43
Ca 0.02 0.01 0.02 0.01 0.01
K 2.06 2.01 2.05 2.00 2.02
F --- 0.00 0.02 --- ---
Cl 0.00 0.00 0.00 0.01 0.01
Total 17.16 17.13 17.15 17.11 17.14
1Notes: Major elements in wt %, all mineral abbreviations after Kretz (1983); 2V was not analyzed in these samples; 3Sample JSSN 004 has Fe2O3 contents < 10 wt %, and is 
derived from iron formation; 4These samples are from an unnamed showing near George, along Porcupine Creek
